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SUMMARY 
The work summarized in this thesis involves the use of thin layer 
chromatography (TLC) as an analytical tool for identification and 
separation of organic compounds of pharmaceutical importance such as 
amino acids, vitamins, carbohydrates, and nucleobases. In quest of an 
inexpensive methodolog/ fp'r the identification atnd separation of organic 
v ^ i ' ' • • • • • • 
compounds, several chrohiatographic system involving novel eluent have 
been developed. The results presented in the thesis contribute substantially 
to the advancement of normal-phase TLC procedures. The interesting 
features of the present study are: 
• Use of commercially available silica gel and cellulose sorbents as layer 
material along with precoated high performance thin layer 
chromatography (HPTLC) plates. 
• Use of mixed aqueous micellar surfactant solution and microemulsion as 
the component of mobile phases to investigate its role in modifying the 
retention pattern of analytes on TLC plates. 
The present work formulated with the objective of developing new 
TLC systems comprising of novel mobile phases for achieving improved 
separations of organic compounds of pharmaceutical importance. The 
results obtained during present study have been encapsulated in the form of 
six chapters of the thesis. 
Chapter-1 An introductory part summarizes brief history of 
chromatography, a comprehensive description on the use of thin layer 
chromatography as an analytical technique, usefulness of surfactants as an 
eluent in chromatography. Besides, it also provides a general idea about the 
amino acids, vitamins, carbohydrates and nucleobases, along with their 
classification and structural formulae. Moreover, a detailed description of 
TLC alongwith complete literature survey (1995-2009) on application of 
chromatographic techniques to amino acids, vitamins, carbohydrates and 
nucleobases has been provided in this chapter. 
Chapter-2 Thin layer chromatography of eight essential amino acids has 
been performed on silica layers with seventeen mobile phases of different 
compositions. The mixed aqueous surfactants solutions Triton X-100, 1.0 x 
10'^  M-sodium dodecyl sulphate, 8.1 x 10"'* M - acetone 1:1:5 (v/v/v) was 
identified as the best mobile phase for specific separation of lysine. This 
separation can be successfully accomplished in the presence of impurities 
such as heavy metal cations, inorganic anions, and aliphatic and aromatic 
amines. The limit of detection of lysine was 0.5|ig per zone. The method 
has been used for successfiil in identification of lysine in Astymin (forte) 
and Alamine (forte) capsules. 
Chapter-3 
A novel micellar thin layer chromatographic method for simultaneous 
separation and on-plate identification of B-group vitamins along with 
ascorbic and folic acids has been developed. A hybrid mobile phase 
constituting a mixture of 4% aqueous sodium dodecyl sulphate (SDS) + 
acetonitrile 1:2 (v/v) was identified as the most favorable for the resolution 
of multicomponent mixture of vitamins on silica high performance TLC 
plates (silica gel 6OF254 catalog no. 1.05554,Merck, Germany). The 
resolved spots were identified by visualization under ultraviolet radiation 
(^=254) in a closed UV- cabinet. The effects of type of sample solvent, 
concentration of surfactant (sodium dodecyl sulphate), volume ratio of 
acetonitrile in the mobile phase and the presence of essential amino acids in 
the sample have been examined. This method is simple, precise, sensitive 
and useful for the analysis of vitamins Bi, B2, Bg, B12, ascorbic and folic 
acids present in marketed pharmaceutical formulation. 
Chapter-4 Aqueous micellar bile salt, sodium deoxycholate (NaDC) 
solution as additive in acetonitrile in the ratio (1:5 v/v) was identified as the 
most favorable mobile phase for on-plate identification and resolution of 
three series of common sugars (disaccharide, pentose and hexose) on 
commercially available high performance silica gel plates. Effect of mobile 
phase composition and the presence of heavy metal cafions as impurities in 
the analyte sample have been invesfigated to opfimize experimental 
conditions for the separation. The lowest possible amount of all sugar on 
HPTLC plate has been determined at nanogram level. This method was 
successfiiUy applied for idenfification and separation of sugars in 
pharmaceutical formulations [cough syrup (Honitus), multivitamin syrup 
(Becozinc)] and biological matrix (human blood). 
Chapter-5 Thin-layer chromatographic procedures are described for the 
analysis and separation of a variety of organic molecules (amino acids, B-
complex vitamins, purines and pyrimidines, neutral lipids, polar sugars and 
dyes) using water-in-oil-microemulsion containing N-cetyl-N, N, N 
trimethyl ammonium bromide (CTAB) as mobile phase. High performance 
thin layer chromatographic plates of silica gel G and cellulose were used as 
stationary phases. The proposed method is suitable for selective separation 
of bromocresole green from other dyes on cellulose HPTLC plates. 
Furthermore, vitamins (thiamine, pyridoxine and riboflavin in marketed 
formulations) were successfully resolved on silica HPTLC plates. Effect of 
other biomolecules as impurities was investigated on simultaneous 
separation of thiamine, pyridoxine riboflavin from their mixtures. The well 
intense colored compact spots for all compounds under study were realized. 
Chapter-6 A novel high-performance thin layer chromatographic method 
has been developed for the resolution of five-coexisting nucleobases 
(adenine, guanine, cytosine, thymine, and uracil). The nucleobases were 
separated on aluminum-backed cellulose 60 F254 plates with the aid of 5.0% 
aqueous sodium deoxycholate (NaDC)-acetonitrile (AcN), 1:3 (v/v) as 
mobile phase. All the nucleobases were viewed on HPTLC plates under 
254nm UV light. The order of Rp value given in parentheses was guanine 
(0.12) < adenine (0.44) < cytosine (0.50) < uracil (0.72) < thymine (0.84). 
The effect of pH (acidity or basicity) of the mobile phase on the retention of 
individual nucleobases was examined. Furthermore, the effect of 
interference of mono- (Li^ , Na^), and bivalent (Mg^ ^ Ba^ ,^ Co^ *, Ni^ "^ , 
Cu^^ ZY^\ (Z^\ Pb^ )^ cations; mono- (Bf, CH3COO", NO3") , and 
bivalent (COs^ ", IO4", S04 '^ Mo04 '^) anions, and complexing ligands 
(urea, and EDTA) on the retention behavior of nucleobases were also 
assessed. The chromatography of nucleobases was also performed on silica 
60 F254, RP-18 F254, and kieselgel 60 F254 HPTLC plates. These TLC plates 
failed to separate the coexisting purines and pyrimidines. The detection 
limit of all nucleobases on cellulose 60 F254 layers was 5.4 x 10' )ig spof . 
The proposed method is rapid, easy, and reliable. It can be applied for 
routine analysis of DNA, and RNA nucleobases. 
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1.1 I N T R O D U C T I O N 
Analytical chemistry pertains to the determination of the chemical composition 
of matter. It is a multidisciplinary branch of science wherein a large number of 
research workers have contributed to its development [1]. No other branch of 
science finds so many extensive applications as analytical chemistry purely for 
two reasons; Firstly, it finds numerous applicafions in various disciplines of 
chemistry such as inorganic, organic, physical and biochemistry and secondly it 
finds wide applications in other fields of related sciences such as environmental 
science, agricultural science, biomedical and clinical chemistry, solid state 
research and electronics, oceanography, forensic science and space research. 
However, the identification of a substance, the elucidation of its structure and 
quantitative analysis of its composition are the aspects covered by modern 
analytical chemistry. For instance, most of the chromatographic methods were 
invented by biochemists, or biological scientists, while methods like nuclear 
magnetic resonance and mass spectrometry were discovered by physicists. 
Analyfical methods are the fundamental tools of the analyst. These classical 
methods of analyses have dominated the scene of analysis for the past few 
decades. Fortunately, with the discovery of modem methods of analysis, mainly 
involving instruments, these methods have been relegated. Nevertheless, these 
methods will not be phased out in spite of the greater advancement of newer 
methods of analysis for the simple reason that the new methods have their own 
limitations. They cannot be applied if the substance is present in large 
concentration and further in order to standardize the newer methods it is 
absolutely essential to use classical (gravimetric or volumetric) methods of 
analysis. According to the type of process used to perform the analysis, methods 
used for chemical analysis can be categorized as given in (Figure 1.1). In the 
present circumstances when speed, simplicity, selectivity and sensitivity of 
analysis are of utmost importance, it is better to categorize such methods as 
modern methods of analysis instead of instrumental methods of analysis. 
1.2 S E P A R A T I O N P R O C E S S E S 
A separation process is a physical or chemical method to transform a mixture of 
substances into two or more distinct products that differ in their chemical or 
physical properties. For either preparative or analytical purposes there are 
several methods used in chemistry to purify substances or to isolate them from 
other substances. There are many types of separations based on a variety of 
properties of materials. Among the most commonly used properties are those 
involving solubility, volatility, adsorption, and electrical and magnetic effects, 
although others have been used to advantage. The most efficient separation 
involves the conditions for which the differences in properties between two 
substances undergoing separation are at a maximum. There are three factors of 
importance to be considered in all separations: (a) the completeness of recovery 
of the substance being isolated, (b) the extent of separation from associated 
substances, and (c) the efficiency of the separation. 
In industrial applications the ultimate goal is the isolation of a product of high 
purity, whereas in analysis the primary goal is the determination of the amount 
or concentration of substance in a sample. 
Chemical Anahsis 
Classical Methods IiisrriiiiieiiTal ^Methods 
Gravimetric \ohimemc 
Analysis Auahsis 
Optica! >f" 
Methods 
;Separat!oii 
Methods 
Electroanahrical 
Methods 
Figure 1.1: Major categories of chemical analysis 
L3 C H R O M A T O G R A P H Y 
What is chromatography} Simply, it is a broad range of physical methods used 
to separate or to analyze complex mixtures. The components to be separated are 
distributed between two phases: a stationary phase bed and a mobile phase 
which percolates through the stationary bed. 
Chromatography derived from Greet: word xp'^ l^ cc' chroma means color and 
ypa(p&iv:graphein means to write) represents a collective term for a set of 
qualitative and quantitative techniques for the separation of mixtures. It involves 
passing a mixture dissolved in a "mobile phase" through a stationary phase, 
which separates the analyte to be measured from other molecules in the mixture 
based on differential partitioning/ sorption between the mobile and stationary 
phases. 
The mobile phase may be either a liquid or a gas, while the stationary phase is 
either a solid or a liquid. This phenomenon involves the partition of a solute 
between a solvent firmly bound to a polar stationary phase and a solvent (mobile 
phase) which is allowed to interact with two physically distinct entities. The 
techniques find use in the separation, purification and identification of 
compounds before quantitative analysis is taken up. 
Chromatography may be preparative or analytical. The purpose of preparative 
chromatography is to separate the components of a mixture for further use (and 
is thus a form of purification). Analytical chromatography is done normally with 
smaller amounts of material and is for measuring the relative proportions of 
analytes in a mixture. 
Since its invention, the chromatography has become an essential part of bio-
chemical laboratories. Using this analytical technique, scientists can tell what 
chemical compounds are present in complex mixtures. A simple classification of 
chromatographic methods is summarized in Table 1.1. 
Table 1.1: Classification of chromatographic methods 
S. 
No. 
Type of Chromatography Examples 
1. 
3. 
4. 
Adsorption Chromatography 
2. Partition Chromatography 
Modified Partition (or Bonded 
Phase) Chromatography 
Ion-exchange Chromatography 
5. Exclusion Chromatography 
6. Eiectrochromatography 
Column Chromatography, Thin Layer 
Chromatography, Gas Solid 
Chromatography. 
Paper chromatography, Reversed-Phase Thin 
Layer Chromatography (TLC), Classical 
Liquid-Liquid Chromatography. 
High-Performance Liquid Chromatography 
(HPLC) and High Performance (HP) TLC. 
Cation and Anion Exchange 
Chromatography. 
Ion-Exclusion and Gel Permeation 
Chromatography, Molecule Sieve 
Chromatography. 
Capillary and Zone Electrophoresis. 
The identification and separation of various species can be achieved by an array 
of systematic procedures. Among the most versatile analytical separation 
techniques, chromatography has wider applicability. In spite of the popular 
belief and general acceptance of the contribution of Tswett as being the real 
discoverer of chromatography (literally "colour writing" from the Greek), the 
starting of chromatography predated to the work of F. F. Runge who 
investigated the separation of coloured substances (i.e. dyes) on paper [2] The 
work carried out by Goppelsroeder [3] and Schonbein [4] on chromatographic 
separation of substances on filter paper has been included in a report published 
by Fischer and Schmidner [5] in 1892. However, the concept of separation on 
column may be attributed to Reed's work, which was followed by Day who 
separated petroleum fractions with the help of columns [6,7]. The paper 
published in 1906 by M. Tswett a Lecturer of Botany at the University of 
Warsaw provided the first description in nearly modern terms of 
chromatographic separation [8]. He described the resolution of different 
components of pigments as coloured bands on a calcium carbonate column like 
spectrum of light rays and termed it as "chromatogram ". The actual importance 
of Tswett's work remained dormant until about 1931, when separations of plant 
carotene pigments were reported by prominent organic chemist Kuhn [9,10]. His 
research attracted much attention and adsorption column chromatography 
became invaluable tool in the field of natural product chemistry. In 1941, Martin 
and Synge [11,12] laid another milestone in development of chromatography by 
reporting their discovery of liquid-liquid partition chromatography. One liquid 
was used as adsorbent and another liquid was allowed to percolate through the 
former, thus making the technique as a chromatographic process. This work 
initialized the development of other forms of chromatography. 
1.4 THIN LAYER CHROMATOGRAPHY(TLC) 
TLC is a subdivision of liquid planar chromatography in which the mobile 
phase; a liquid migrates by capillary action through the stationary phase which is 
in the form of a thin layer on an inert support. Components of a mixture are 
separated by distributing between mobile phase and stationary phases. 
Difference in the affinity of individual components to stationary and/or mobile 
phase facilitates their separation. 
History of TLC 
History of TLC has been reviewed by Stahl [13] Kirchner [14,15] and Pelick et. 
a/ [16]. The beginning of TLC can be ascribed to the report of Dutch biologist, 
Beyer ink [17], who separated hydrochloric and sulphuric acids in the form of 
fine rings on thin layer of gelatin using a visualizing agent. Following the same 
method, Wijsman [18] identified in the presence of two enzymes in malt diastase 
using a fluorescent method for detecting separated enzymes on thin layer. He 
used the bacteria obtained from sea water as fluorescent agent. However the 
invention of TLC is usually credited to two Russian Scientists, N. A. Izmailov 
and M. S. Schraiber, who used binder free horizontal thin layers (2 mm thick) of 
alumina spread on glass plate to the analysis of pharmaceutical preparations 
which led to the publication of their classical paper [19] on "A Spot 
Chromatographic Method of Analysis and its Application in Pharmacy" in 1938. 
Since their method consists of depositing a drop of sample solution being 
investigated and the development by the application of several drops of solvent 
on flat surface of adsorbent before observing the separated zones, it was called 
"Drop Chromatography or Spot Chromatography". They also pointed out the 
usefulness of this method for preliminary testing of sorbent properties before 
their utilization in the form of column. Though Izmailov is best known for his 
fundamental work on TLC, his main field of interest was electrochemistry for 
which he received the Mendeleiv Prize of the Academy of Science of USSR in 
1961. 
In 1940, Lapp and Erali used a loose layer of alumina spread on a glass slide 
that was supported on an inclined aluminium sheet [20]. It is interesting that, in 
1949, two American Chemists, Meinhard and Hall [21] gave the concept of 
"Surface Chromatography" and described their work on the use of microscope 
slides coated with a mixture of alumina (an adsorbent) and celite (a binder) to 
separate Fe and Zn . Their work was probably the first application of TLC for 
the separafion of inorganic ions. A major breakthrough in the field of TLC came 
in the early 1960's with the availability of precoated plates [22]. The next major 
advance was the advent of HPTLC (High performance Thin Layer 
Chromatography). In 1973 Halpaap was one of the first to recognise the 
advantage of using a smaller average particle size of silica gel (about 5-6 mm) in 
the preparation of TLC plates. He compared the effect of particle size on 
development time, Rp values and plate height [23]. 
Commercially the plates were first called "nano-TLC" or "HPTLC". In 1977 
the first major HPTLC "HPTLC high performance thin-layer Chromatography" 
edited by Zlatkis and Kaiser [24]. In 1982 Jost and Hauck reported an amino 
(NH2-) modified HPTLC plate, which was soon followed by cyano-bonded 
(1985) and diol-bonded (1987) phases [25-27]. In recent years TLC/HPTLC 
research has entered the chiral separation field using a number of chiral selectors 
and chiral stationary phases. 
Some of the differences between TLC and HPTLC are compared in Table 1.2. 
Automated multiple development (AMD) made its appearance in 1984 due to 
the pioneering work of Burger [28]. This improvement enabled a marked 
increase in number and resolution of the separated components. Numerous 
publications on TLC/HPTLC applications attest to the versatility and 
applicability of this technique in all branches of science. It has opened new fields 
of exploration and become an invaluable aid to separation scientists. It had 
recently been realized that modern high performance thin chromatography 
(HPTLC) initiated in 1975, rivals high pressure liquid chromatography (HPLC) 
and gas chromatography (GC) in its ability to resolve complex mixtures and to 
provide analyte quantification. 
Table 1.2: Comparison of TLC and HPTLC 
Parameter 
Plate size 
Average particle size 
Adsorbent layer 
Thickness 
Plate height 
Sample volume 
Solvent migration 
Distance 
Separation time 
Sample per plate 
Diameter of separated spots 
Detection limits 
(a) Adsorption 
(b) Fluorescence 
TLC 
20x20 cm 
20 ^m 
100-250 ^m 
-
30 jum 
1-5^1 
10-15 cm 
-
30-200 min 
10 
6-15 mm 
-
1-5 ng 
0.05-0. Ing 
HPTLC 
10x20 or 10x10 cm 
5 |im 
200 ^m 
-
12 |im 
0.1-0.2(^1 
3-6 cm 
-
3-6 min 
18 or 36 
2-6 mm 
-
0.1-0.5 ng 
0.005-0.01 ng 
HPTLC provides faster separation, reduced zone diffusion, better separation 
efficiency and higher sensitivity. 
At the present time all steps of the TLC process can be computer controlled. The 
use of highly sensitive charge coupled device (CCD) cameras has enabled the 
chromatographer to electronically store images of chromatograms for future use 
(identity or stability testing) and for direct entry into reports at a later date. 
1.5 L A T E S T D E V E L O P M E N T IN T L C 
After the pioneering work of Kirchner and Stahl, TLC became important for the 
separation of sample not amenable to analysis by GC. The rapid growth of TLC 
was slowed down during 1970s with the corresponding rise in popularity of 
HPLC. The capacity factors in HPLC are more reproducible than Rp values in 
TLC. However, recent improvements in TLC have removed many of its 
limitations (Table L3). 
As a result of the recent innovations, several sub- techniques such as High 
Performance Thin Layer Chromatography (HPTLC), Overpressurised Thin 
Layer Chromatography (OPTLC), Centrifugal Layer Chromatography 
(CLC) and Reversed- Phase Thin Layer Chromatography (RPTLC), Radial 
Chromatography, Hot Plate Phromatography, Pyrolysis and TLC, 
Bioautography, Immunostaining and Enzyme Inhibition techniques came 
into light. 
Table 1.3: Chromatographic differences between TLC and HPLC 
Transport of eluent by 
Presence of binder 
Pre-wetted stationary phase 
Influence of vapor phase 
Parallel samples 
Eluent with detection 
High efficiency 
TLC 
capillary 
yes / no 
no 
yes 
yes 
no 
no 
HPLC 
pressure 
no 
yes 
no 
no 
yes 
yes 
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1.6 T L C P R O C E D U R E 
The TLC process is an off-line process in which all the procedural steps (sample 
preparation, sample application, development, drying of chromatogram and 
detection) are carried out independently (Figure 1.2). The basic TLC procedure 
involves the spotting of sample mixture (1-2 |il) at about 2 cm above the lower 
edge of the TLC plate, drying the spot at room temperature. Develop the plate in 
a suitable mobile phase to a distance of 10-12 cm by one dimensional ascending 
technique in a cylindrical or rectangular closed chamber, withdraw the plate 
from the developing chamber, and dry the layer at 60°C in an electrically 
controlled oven for 30 min. Detect the spots on TLC plate using suitable reaction 
reagent and then measure the Rp values of the resolved spots. The differential 
migration of components results due to varying degrees of affinity of the 
components in a mixture for stationary and mobile phases. 
Sample Preparation 
Relatively pure Crude Extract 
Sample Purification 
Sample Application 
Spotting/Streaking 
Plate Development 
Drying of Chromatogram 
Zone Detection 
Component Removal 
Documentation and 
Reporting of Results 
Figure 1.2: Scheme of typical thin layer chromatographic process 
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1.6.1 Sample preparation 
Standard methods for sample preparation identification and separation of analyte 
present in a variety of samples such as plants, food, biological, geological and 
environmental samples have been reported. In general, solutions of the amino 
acids are prepared by dissolving appropriate weights in double distilled water to 
give concentrations of 1% (1 g/100 ml). 
1.6.2 TLCplate preparation or coating procedures 
The manual preparation of layers involves the coating of slurry of the adsorbent 
(silica gel, alumina and kieselguhr) on glass, aluminium or plastic sheet (20 cm x 
20 cm or 20 cm x 10 cm) with the help of TLC applicator. The plates should be 
dried at room temperature followed by activation at 100°C in an oven and then 
used. The thickness of dried layer for analytical purposes is kept to 0.2-0.3 mm. 
A binder (starch, gypsum, dextrin or polyvinyl alcohol) is usually added to the 
layer material to provide better adhesion mechanical stability and durability. 
1.6.3 Sample application 
Sample application is one of the most important steps in the technology of TLC. 
Improperly applied samples result in poor chromatograms. Sample can be 
applied as spot or streak using micropipette, microsyringe, melting point 
capillaries etc. A number of automatic spotters of varying design are available 
for sample application. About 1 |il of 1% solution of the sample is applied on to 
a coated glass plates. The sample should be completely dried before placing the 
plate in the developing chamber. 
1.6.4 Development modes 
The process of migration of mobile phase through the sorbent layer to effect 
separation of the sample substance is called development. Ascending 
development has been the most commonly used mode of development in TLC. 
Other development modes such as multiple, circular and anti-circular, stepwise, 
continuous, two-dimensional, gradient, centrifugal and reversed-phase partition 
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development have also been used to limited extent. The distance for the 
migration of mobile phase has been kept to 10-12 cm for conventional TLC. 
While performing the development one should take care of the angle of the 
development and saturation of chamber apart from other factors. 
1.7 T L C S Y S T E M S 
It comprises a combination of stationary and mobile phases. The proper selection 
of stationary and mobile phase condition decides the degree to which effective 
separations of components in a mixture can be achieved. 
1.7.1 Stationary phase (layer sorbent) 
The criterion to select a proper layer sorbent or adsorbent involves the following 
considerations: 
• It should not chemically interact with the analyte. 
• Color of the adsorbent should not interfere with chromatogram. 
• It should be insoluble in solvent (i.e. mobile phase). 
• Non catalytic (should not catalyze the decomposition of the substance). 
• Physical and chemical properties of adsorbent should not change under 
experimental conditions. 
In present study, we have utilized two commonly used adsorbents (silica gel and 
cellulose) as stationary phases; few words about these are worth mentioning. 
Silica gel is an amorphous, porous substance and slightly acidic in nature. 
Binder is often incorporated into it to hold the adsorbent firmly on the plate. 
Thin layers of silica gel G (gypsum binder) and silica gel S (starch binder) with 
or without, fluorescent indicator have been used more frequently. At the surface 
of silica gel, the free valencies of the oxygen are connected either with hydrogen 
(Si-O-H. silanol groups) or with another silica atom (Si-O-Si, siloxane groups) 
(Figure 1.3). The silanol groups represent adsorption-active surface centres that 
are capable to interact with solute molecules. 
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Figure 1.3: Structure of silica gel 
Cellulose, an organic material is used as a sorbent in TLC when it is convenient 
to perform a given paper chromatographic separation by TLC with decreased 
development time and increase in the sensitivity of detection. Cellulose used for 
chromatography are composed of p-glucopyranose units, which are connected to 
one another at the 1,4 positions (Figure 1.4). Often cellulose thin layers need no 
binders because of the strong hydrogen bonding of the cellulose hydroxy I groups 
with the supports used. 
•HD pH 
•HO' 
H 
• 0 - . 
• - \ - v : i . - o • 
n o OH 
bM 0 - ' 
Figure 1.4: Structure of microcrystalline cellulose 
Bonded sorbents as hydrophilic or hydrophobic modified sorbent phases are 
currently receiving wider acceptance. Reversed-phase TLC, in which the 
stationary phase is less polar than the mobile phase, was originally carried out on 
silica gel or kieselghur layers impregnated with a solution of paraffin, squalane, 
silicone oil, octanol, or oleyl alcohol. These phases are superior to those 
mentioned above under (a) and (b). The hydrophobic modified sorbents contain 
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organo- functional groups like methyl (RP-2), octyl (RP-8, dodecyl (RP-12), 
sorbents possesss amino-, cyno-, and diol residues as functional groups. The 
polar functional groups are bonded to the silica matrix via short- chain non-polar 
spacer. Impregnated plates of this kind require the use of aqueous and polar 
organic mobile phases saturated with the stationary liquid, and they cannot 
tolerate the use of non-polar organic solvents, which will strip the coating from 
the support. 
1.7.2 Mobile phase (solvent system) 
Selection of mobile phase depends on nature of the substances to be separated 
and adsorbent on which the separation is to be carried out. Separation possibility 
of complex mixture is greatly improved by the proper selection of mobile phase. 
Mobile phase should be as simple as possible and prepared from the purest grade 
of solvent. The use of mixtures composed of more than four components of 
mobile phase should be avoided because of problems associated with 
reproducible preparations. In contrast to mobile phases of higher volatility, 
which are capable to evaporate quickly from the sorbent layer, better 
reproducibility is achieved with mobile phases of lower volatility. The mobile 
phases used as developers in TLC may be categorized into following groups. 
• Inorganic solvents: Solutions of mineral acids, bases, salts and mixture 
of acids, bases or their salts. 
• Organic solvents: Acids, bases, hydrocarbons, alcohols, amines, ketones, 
aldehydes, organophosphates and their mixture in different proportions. 
• Mixed solvents: Above mentioned organic solvents mixed with water, 
mineral acids, inorganic bases or dimethyl sulphoxide and buffered salt 
solution. 
• Surfactant-mediated system: Aqueous and hybrid solutions of cationic, 
anionic and nonionic surfactants. 
Presently, the interest of chromatographers is growing in identifying the green 
mobile phase system for future use. In our opinion aqueous solvent systems 
including pure water and aqueous solutions of amino acids, carbohydrates, 
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ethylene glycol, ethylene acetate and nonionic surfactants will occupy the prime 
position "Green Eluents" in chromatography. 
1.8 V I S U A L I Z A T I O N 
The process of detecting the spots on the plates after development is called 
visualization. Visualization of separated zones on TLC plate is performed by 
physical, chemical and biological methods. 
• Physical methods of detection involve the use of spectroscopy 
(autoradiography), X-ray fluorescence and UV radiation etc. (Figure 1.5). 
Figure 1.5: UV lamp with dark box 
• Chemical detection methods involve the spraying of plates with a 
suitable reagent, which fornis colored compounds with the separated 
species. 
• Biological detection methods (bio-autography) are useful for specific 
detection of compounds with a certain physiological activity. 
In addition to these techniques, enzyme inhibition, immunostaining and flame 
ionization detection methods have also been used. 
1.9 I D E N T I F I C A T I O N AND SEPARATION 
In TLC the identification of separated compounds is primarily based on their 
mobility in a suitable solvent which is described by the Rp value of each 
compound. Figure 1.6 shows a chromatographic plate. 
Distance of solute migration from the origin 
Rp = 
Dis tan ce of solvent migration from the origin 
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Figure 1.6: TLC plate showing distances traveled by the spot and the 
solvent after solvent front nearly reached the top of the adsorbent 
Rp value ranges from 0.0 for a zone not leaving the point of application to 0.999 
for zone migration with solvent front. 
The Rp values in TLC are dependent upon many variables [29] which must be 
regulated carefully during the preparation and evaluation of the chromatogram, 
to obtain reproducible results. The major factors which influence the Rp values 
include: 
Nature of sorbent and mobile phase 
Layer thickness 
Room temperature 
Layer- activated temperature 
Chamber saturation 
pH of the medium 
Sample volume 
Relative humidity 
Mode of development technique 
When two or more analytes have differential migration with the same 
chromatographic system, they are mixed thoroughly; the mixture is spotted on 
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the TLC plate and chromatographed. The separated components of the mixture 
are detected and their Rp values are recorded. Some of the basic requirements for 
a good separation are (a) each spot should be compact (RL - RT < 0.3), (b) the 
difference in Rp values of two adjacent spots should be at least 0.1, (c) no 
complexation should occur between/among separable species and (d) 
chromatography of individuals and the mixture should be performed under 
identical experimental conditions. 
1.10 A M P H I P H I L E S 
We have used amphiphilic molecules (i.e. surfactants) as eco-friendly 
components of mobile phase systems. It is therefore worthwhile to mention some 
of their important physic-analytical aspects. 
The word amphiphile was coined by Paul Winsor 50 years ago. It is derived 
from two Greek words amphi means "double", "from both sides", "around" and 
the philos means affinity. An amphiphilic substance exhibits dual affinity. A 
typical amphiphilic molecule (Figure 1.7) comprise of two parts: a polar group 
with heteroatoms such as O, S, P,or N, included in functional groups (alcohol, 
thiol, ether, ester, acid, sulfate, sulfonate, phosphate, amine, amide etc.) and an 
essentially apolar group which is in general an hydrocarbon chain of the alkyl or 
alkylbenzene type, sometimes with halogen atoms and even a few nonionized 
oxygen atoms.The polar portion exhibits a strong affinity for polar solvents, 
particularly water, and it is often called hydrophilic part or hydrophile and vice-
versa for apolar. 
,A 
H 
Hvfliophobicpmr HTdiopWUc pmt 
Figure 1.7: An amphiphilic molecule 
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1.11 SURFACTANTS 
Surfactants are long chain amphiphilic organic or organometallic molecules 
containing a highly polar (hydrophilic or lipophobic) or "ionic head group" 
attached to a non-polar (hydrophobic or lipophilic) hydrocarbon tail of varying 
chain lengths. Surfactants, referred to as soaps, detergents, tensides, or surface 
active agents [30]. This dual functionality (amphipathic nature) is termed as 
lipophilic and hydrophilic tendencies. The combination of these two dissimilar 
chemical groups in a single substance is responsible for their surface active 
nature or ability to accumulate at an interface. These surface- active hydrocarbon 
molecules adsorbed at the oil/water interface by reducing the bare oil-water 
tension to low values. Because of this property, surfactants have been utilized 
(Figure 1.8) in many practical applications [31]. A list of some common 
surfactants is provided in Table 1.4. 
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Figure 1.8: Fields of application of surfactants in analytical chemistry 
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The "head group" is either cationic (e.g. ammonium or pyridinium ion), anionic (e.g. 
hydroxy compounds) or zwitterionic (e.g. amine oxide, carboxylate or sulphonate 
betain) whereas the tail is hydrophobic and contain atleast 8 carbon atoms. 
Depending upon the nature of hydrophilic group, surfactant can be classified as: 
(a) Anionic surfactants 
These surfactants bear a negative charge in the surface active portion [R-X'M" ]^ and 
formed by the reaction product of an organic compound (high molecular weight acid 
or alcohols) with an inorganic compound (sodium hydroxide or sulfuric acids), 
wherein the surface active portion bears a negative charge. Alkali alkanoates or soaps, 
alkyl sulfates, aryl sulfonates and sulfonates of alkyl succinates are important classes 
of anionic surfactants. The most important anionic groups are carboxylate (-CO3"), 
sulfate (-SO3") and sulfonate (-SOs'). They are high and stable foaming agents; 
however they do have the disadvantage of being sensitive to minerals and the presence 
of minerals in water (water hardness) or pH changes. 
(b) Nonionic surfactants 
These surfactants have hydrophobic/hydrophilic balance and hence there is 
neither a negative nor a positive charge on either part of the surfactant 
molecule [R (OCH2 CH2)]m OH . They do not ionize in aqueous solution, because 
their hydrophilic group is of a nondissociable type, such as alcohol, phenol, ether, 
ester, or amide. A large proportion of these nonionic surfactants are made hydrophilic 
by the presence of a polyethylene glycol chain, obtained by the polycondensation of 
ethylene oxide. They are called polyethoxylated nonionics. 
(c) Cationic surfactants 
The surface active portion bears a positive charge [R-N"^  (CHs)^ X'] and are formed 
when alkyl halides react with primary or secondary or tertiary fatty 
amines.These surfactants are based upon quaternary nitrogen. Alkylammonium 
halides and tetra-alkylammonium halides are the most numerous in this class. 
When a single surfactant molecule exhibit both anionic and cationic dissociations it is 
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called amphoteric or zwitterionic. This is the case of synthetic products like betaines 
or sulfobetaines and natural substances such as aminoacids and phospholipids. 
(d) Biosurfactants 
In addition to these types of micellar - forming surfactants, there is another class of 
molecules that can associate in water to form micellar helical aggregates known as the 
Bile Salts [32]. 
Bile salts are very important biological detergent-like molecules. However, they differ 
from the long-chain alkyl surfactants as they possess a hydrophobic and a hydrophilic 
face (Figure 1.9). Consequently, bile salts exhibit a different type of aggregation 
behavior. This aggregation process is viewed as consisting of the stepwise formation 
of initial primary micelles which are composed of 2 - 8 monomers held together by 
hydrophobic interactions between the bile sah nonpolar faces. At higher bile salt 
concentration (or high ionic strength ) , the primary micelles can further aggregate to 
form larger , rod - like cylindrically shaped secondary bile sah micelles because of 
intermolecular hydrogen bonding between their hydroxyl groups[33-34]. 
Table 1.5 presents the name, structure, and micellar parameters of some common bile 
salt. A recent multi-volume series lists the trade name, chemical name, manufacturer, 
form, properties, toxicity, composition, principal and secondary uses, etc. for many of 
these surfactants [35]. 
Hydrophobic 
Side 
4 3 trOM 
4,2czaH HydrophHlc 
^ OP PEPTIQC ftONU 
Figure 1.9: Model of a conjugated bile salt molecule (side view) which shows the 
spatial arrangement of the hydrophobic and hydrophilic face 
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Table 1.5: Structure and micellar parameters of some bile salts^ 
Structure Name CMC, N 
mM 
1 ^ I 
coon 
ifR,=R2-R3=H; 
ifR,=R2=R3=0H; 
if R,=R3=0H; R2=H; 
Cholanoic acid 
Cholic acid (CA)/sodium chelate 12.5*^  
(NaC) 
Deoxycholic acid (DCA)/sodium 6.4'^  
6.4 
deoxycholate (NaDC) 2.8^ 
14^  
'Derivatives of cholanoic acid. 'In 0.001 M NaOH. 'In 0.15 M NaCl. 
1,12 M I C E L L E S 
The various structures formed in aqueous solution on increasing the 
concentration of surfactant are illustrated in Figure 1.10. They are 
a) Rod like micelles 
b) Spherical micelles 
c) Cylindrical 
d) Hexagonal 
e) Lamellar micelles 
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Figure 1.10: Representation of different shapes of micelles 
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There are mainly two types of micelles: 
(a) Normal micelles 
The molecular organization of surfactant molecules in aqueous solution results 
in the formation of normal micelles. Above CMC, the surfactant molecules are 
self aggregated in such a manner that the hydrophobic moieties (i.e. hydrocarbon 
tails) are oriented inward fomiing a non-polar core and hydrophilic (polar) head 
groups are outward keeping themselves in contact with the bulk aqueous phase 
Figure 1.11 (a). Normal aqueous micelles are generally formed from singly-
chain surfactants and chain branching inhibits micellization. 
(b) Reverse micelles 
In contrast to the normal micelles which are formed in polar (i.e. aqueous media) 
solvents, reverse micelles are formed in non-polar solvents like hexane or 
chloroform and a trace of water where the polar head groups of the surfactant are 
directed towards the interior of the aggregate and the hydrocarbon chains are in 
contact with the non-polar solvent Figure 1.11(b). Reverse micelles offer the 
same potential advantages for analysis as do normal micelles. An interesting 
aspect of reverse micelles is their capability to solubilize water in the interior of 
micelle structure. 
\^i^ 
(a) (b) 
Figure 1.11: Different types of micelles 
1.13 PROPERTIES OF SURFACTANTS 
At low concentrations, surfactants will favor arrangement at the surface. As the 
surface becomes crowded with surfactant, more molecules spontaneously 
aggregate themselves forming self-assemblies called micelles. This 
25 
concentration is called the Critical Micelle Concentration (CMC) [36]. The 
process of micelle formation is called micellization. Figure 1.12 represents 
possible solubilization sites. A charged solute (A) would be electrostatically 
repelled from the micelle surface of the same charge (ionic micelle) while an 
oppositely charged solute (B) would be electrostatically attracted to the micellar 
surface. Nonpolar solutes (C) would partition to the outer part of the more 
hydrophobic core region. Amphiphilic solutes (D) would attempt to align 
themselves so as to maximize the electrostatic and hydrophobic interactions 
possible between it self and the surfactant molecules. 
Micelles do not exist at all concentrations and temperatures. Upon introduction 
of surfactants into the system they will initially parthion into the interface, 
reducing the free energy of system by (a) lowering the energy of the interface 
and (b) by removing the hydrophobic parts of the surfactant from contacts with 
water. Subsequently, when the surface coverage by the surfactants increases and 
the surface free energy (surface tension) has decreased, the surfactants start 
aggregating into micelles, thus again decreasing the system free energy by 
decreasing the contact area of hydrophobic parts of the surfactant with water. 
Upon reaching CMC, any further addition of surfactants will just increase the 
number of micelles. CMC is an important characteristic of a surfactant. Before 
reaching the CMC, the surface tension changes strongly with the concentration 
of the surfactant. After reaching the CMC, the surface tension becomes almost 
constant (Figure 1.13). CMC is independent of interface and is therefore, a 
characteristic of the surfactant molecule. The average number of monomers per 
micelle is called the aggregation number (N). At 25°C and 1 atmospheric 
pressure, the CMC is typically less than 20 mM, with each micelle consisting of 
40-140 monomers. 
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Figure 1.12: Simplified cross section of an aqueous normal micelle showing 
possible solubilization sites 
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Figure 1.13: A graph of surface tension vs log of concentration of surfactant 
added will appear as follows 
1.14 S U R F A C T A N T - M E D I A T E D T L C 
S Y S T E M S 
The first intentional use o f surfactants in chromatography at concentrations 
above the CMC was proposed in 1977 by Armstrong and co-workers [37-49]. 
Since this initial report, Pseudophase Liquid Chromatography (PLC) or Micellar 
Liquid Chromatography (MLC), has moved from the realm of an academic 
novelty to a demonstrated practical separation technique as testified by 
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significant number of publications. Figure 1.14 shows the growth in the number 
of reports on MLC since 1980 to present days. The basis for separation 
employing micellar mobile phases stems from their ability to differentially 
solubilize and bind structurally similar solutes. 
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Figure 1.14: Publications dealing with MLC published over the 1980-2007 
time period (612 articles found in the Elsevier, CAS and MedLine 
databases, Scopus and Sci Finder search engines on December 2007) 
Since the work presented in this thesis is related to the use of surfactant -
mediated mobile phase systems, it is worthwhile to describe briefly the behavior 
of surfactants in aqueous medium. The following paragraphs are devoted to 
highlight the utility of surfactant as eluents in chromatography. 
Surfactant - mediated system contains surfactant as one of the components of 
mobile phase. Surfactant in the aqueous mobile phase can be used in the 
following ways: 
(a) As monomer surfactants where the concentration of surfactant in aqueous 
mobile phase is restricted to well below the Critical Micelle 
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Concentration (CMC) of the surfactant. These mobile phases are most 
suited to separate ionic species by Ion Pair Chromatography (IPC). 
(b) As surfactant micelles where the surfactant concentration is kept well 
above its CMC value. In such cases, the mobile phase is composed of 
surfactant molecules in the form of monomers and aggregates (or 
micelles). These mobile phases are very useful for simultaneous 
separation of ionic and non-ionic compounds by Micellar Liquid 
Chromatography (MLC). 
(c) As microemulsion where surfactant in the presence of water, an oil 
(hydrocarbon) and co-surfactant (i.e. medium chain length amine or 
alcohol) is used as transparent solution. A brief description of 
microemulsions is given below. 
It is well established that large amounts of two immiscible liquids (e.g. water 
and oil) can be brought into a single phase (macroscopically homogeneous but 
microscopically heterogeneous) by addition of an appropriate surfactant or a 
surfactant mixture. This unique class of optically clear, thermodynamically 
stable and usually low viscous solutions, called "Microemulsions" have been the 
subject of extensive research over the last two decades primarily because of their 
scientific and technological importance [50]. Microemulsions can have 
characteristic properties such as ultralow interfacial tension, large interfacial area 
and capacity to solubilize both aqueous and oil-soluble compounds [51-54]. 
Microemulsions can be prepared by controlled addition of lower alkanols 
(butanol, pentanol and hexanol) to milky emulsions to produce transparent 
solutions comprising dispersions of either Water-in-Oil (w/o) or Oil-in-Water 
(o/w) in nanometer or colloidal dispersions (~ 100 nm). The lower alkanols are 
called cosurfactants, they lower the interfacial tension between oil and water 
sufficiently low for almost spontaneous formation of the said 
microheterogeneous systems. The miscibility of oil, water and amphiphile 
(surfactant plus cosurfactant) depends on the overall composition which is 
system specific. Ternary and quaternary phase diagrams can describe the phase 
manifestations and are essential in the study of microemulsions. 
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The important applications of microemulsions include: enhanced oil recovery; 
fuels; coatings and textile finishing; lubricants, cutting oils and corrosion 
inhibitors; cosmetics; agrochemicals; food and pharmaceuticals; environmental 
remediation and detoxification; production of microporous media synthesis; 
liquid membranes. Microemulsion systems have been successfully applied in 
modifying chemical, photochemical, electrochemical and electrocatalytic 
reactions; analytical and bioseparations and polymerization processes. 
There are two types of microemulsions (i) Oil-in-water and (ii) Water-in-oil 
In terms of chromatographic applications, the advantages of employing 
surfactant micellar mobile phases includes, enhanced selectivity, low cost, low 
toxicity and the ability to simultaneously chromatograph both hydrophilic and 
hydrophobic solutes among others. 
1.15 PHARMACEUTICALLY IMPORTANT 
ORGANIC COMPOUNDS 
Biomolecules are complex organic molecules. These molecules form the basic 
structural constituent of a living cell. The organic compounds such as amino 
acids, vitamins, nucleotides and carbohydrates serve as building blocks of 
complex biomolecules. 
A diverse range of biomolecules exist, including: 
• Monomers: 
•:• Amino acids 
•:• Nucleotides 
•:• Monosaccharides 
• Small molecules: 
• Lipids, phospholipids, glycolipids, sterols, glycerolipids 
•:• Carbohydrates 
• Vitamins 
•:• Hormones, neurotransmitters 
•:• Metabolites 
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• Polymers: 
•:• Peptides, oligopeptides, polypeptides, proteins 
•:• Nucleic acids, DNA, RNA 
• Oligosaccharides, polysaccharides (including cellulose) 
• Cellulose, lignin 
• Hemoglobin 
Biological matrices are very complex; and therefore effective sample preparation 
must include particulate cleanup to provide the components of interest in a 
solution, free from interfering matrix elements, and in an appropriate 
concentration. Therefore thin layer chromatographic can be the most 
advantageous and simplest analysis techniques which we have used to identify 
four groups of organic compounds with preliminary separation. These 
compounds represented in bold letters were analysed by us using TLC as 
analytical technique. These following paragraphs are decoded to summarize 
main aspects of these compounds. 
*l* Amino acids 
These compounds contain carbon, hydrogen, oxygen and nitrogen. They serve 
mainly as monomers (building blocks) of proteins. An amino acid is represented 
by a general structure (Figure 1.15). 
R 
KN-C„-COOH 
H 
Figure 1.15: General structure of amino acid 
They are colourless, crystalline solids, water-soluble high melting solids ,behave 
like salts and can exist as zwitterions at isoelectric pH (pI).The a-carbon atom 
has 'R' which is a side chain which is different for different amino acids 
Though, 300 amino acids occur in nature, about 20 amino acids are found in 
proteins. 
31 
Amino acids may also be categorized as polar, non-polar, hydrophobic, 
hydrophiiic,- aliphatic and aromatic. Also they are classified as 
(i) Essential amino acids: Their carbon skeleton cannot be 
synthesized by human beings and therefore, these amino acids are 
to be taken in food for normal growth. 
(ii) Non-essential amino acids: All body proteins do contain all the non-
essential amino acids. Their carbon skeleton can be synthesized by 
metabolic pathways and therefore their absence in the food will not 
adversely affect the growth (Table 1.6). 
Table 1.6: Classification of amino acids on the basis of nutritional requirements 
Essential amino acids Three letter symbol Structural formula ^ 
Histidine His 
O H 
7.59 
Lysine Lys 9.74 
Valine Val C H 3 O 
H3C O H 
NH 
5.96 
Leucine Leu 
O H 
C H 3 N H 2 
5.98 
Methionine Met 
H3C 0 H 
N H 
5.74 
Phenylalanine Phe 
O H 
5.48 
Threonine Thr CH3 0 
HO ^Y OH 
NHo 
5.64 
Isoleucine He CH. , 0 
O H 
NH 
6.02 
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Non essential amino acids 
Tryptophan Trp 0 
OH 
NH 2 
5.89 
Serine Ser 
H O 
5.68 
O H 
N H 
Cysteine Cys 5.07 
H S " - ^ "~0 H 
N H 
Aspartic acid Asp 
H 0 
2.77 
O H 
O N H 
Glutamic acid Glu 
H 0 
3.22 
O H 
N H 
Arginine Arg NH, 
H N - ' ^ N H 
10.76 
Alanine Ala 0 
3 ^ y ^ ^ O H 
NHo 
6.00 
Tyrosine Tyr 
HO 
5.66 
0 H 
Glycine Gly 0 
H 2 N 
5.97 
0 H 
Proline Pro o 6.30 
O H 
*> Vitamins 
Vitamins are necessary to ensure healthy development and bodily functions in 
both children and aduhs. There are six different types of vitamins. Each serves a 
different purpose in our bodies. Vitamins are the organic compounds required 
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for the normal maintenance and health of an organism in minute quantities and 
their absence cause specific deficiency diseases. These are required in diet in 
order to perform specific biological functions. There are about 15 vitamins 
essential for humans. Plants can synthesize cell vitamins whereas only a few are 
synthesized in animals and hence need to be supplied in the foods. A human 
body needs substances like vitamins in order to develop and grow normally. 
There are around 13 that our body needs in order to flinction well. They are the 
A, C, D, E, K, and B (niacin, pantothenic acid, biotin, thiamine, riboflavin, 
folate, Bg, and B12) are normally found in the food that we eat. However, people 
who practice a vegetarian diet may need to take B12 supplements. Vitamins are 
either water soluble or fat soluble. Fat soluble vitamins (A, D, E, and K) are 
stored in the fat tissues and in liver. Water-soluble vitamins represent a group of 
structurally and functionally unrelated compounds that share a common feature 
of being essential for normal health and well-being (Table 1.8). They are quite 
different and do not get stored as much as fat soluble ones; instead, they travel 
through the bloodstream. Excess water soluble vitamins gets drained out though 
urination. Vitamins such as C and a large number of the B like Bi (thiamin), B2 
(riboflavin), niacin, Bg (pyridoxine), folic acid, B12 (cobalamine), biotin, and 
pantothenic acid are all water soluble and are necessary for our bodies to 
function properly. 
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•t* Carbohydrates 
These are the organic molecules that are composed of elements carbon, 
hydrogen and oxygen. These carbohydrates are referred to as saccharides or 
sugars. Carbohydrates are defined as polyhydroxy-aldehydes or polyhydroxy 
ketones or compounds, which produce them on hydrolysis. They supply energy 
and serve as structural constituents. They have the general formula Cx(H20)y. 
There are five major classes of carbohydrates (Table 1.7). 
• Monosaccharides 
• Disaccharides 
• Polysaccharides 
• Oligosaccharides 
Table 1.7: Monosaccharide classifications based on the number of carbons 
Number of 
Carbons 
Category Name Examples 
Tetrose Erythrose, Threose 
Pentose 
Hexose 
Arabinose, Ribose, Ribulose, Xylose, Xylulose, 
Lyxose 
Allose, Altrose, Fructose, Galactose, Glucose, 
Gulose, Idose, Mannose, Sorbose, Talose, Tagatose 
7 Heptose Sedoheptulose 
Sugars in bold we have used as analyte in our experiment 
Functions of carbohydrates: Carbohydrates participate in a wide range of 
funcfions: 
• Carbohydrates are most abundant dietary source of energy for all 
organisms. 
• They supply energy and serve as storage form of energy. 
• Carbohydrates such as glucose, fructose, starch, glycogen, etc. provide 
energy for functioning of living organisms. 
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•t* Nucleobases 
A nucleic acid is a macromolecule composed of chains of monomeric 
nucleotides Nucleic acids were first discovered by Friedrich Miescher in 1871. 
Nucleotides are molecules that constitute the structural units of nucleic acids 
(e.g., DNA and RNA) and play central roles in many biochemical processes. 
These molecules serve as transmitters of genetic information and form structures 
within cells. Nucleic acids are universal in living things, as they are found in all 
cells and viruses. The five main natural nucleobases adenine, cytosine, guanine, 
thymine and uracil are involved in the self-assembly of one of nature's most 
interesting and intriguing class of biopolymers, namely the nucleic acids DNA 
and RNA. As such, these nucleobases have held a fascinafion to researchers in a 
diverse range of fields. Nitrogenous bases are found in nucleotides which are of 
two types: 
(i) Purines 
(ii) Pyrimidines 
The purines and pyrimidines form an important part of the DNA and RNA 
which form the blueprint of genomes. The base pairing between the nucleotides 
result into the formation of important bonds required in chemical reactions. 
These are aromatic heterocyclic organic compounds which consist of the 
pyrimidine ring fused to a ring of imidazole. In the process of nucleotide 
synthesis, the purines and pyrimidines form hydrogen bonds between each other. 
The structure of the nucleotides is such that three hydrogen bonds are formed 
between guanine and cytosine while adenine and thymine form two hydrogen 
bonds with each other. This bonding which takes place between purines and 
pyrimidines is known as base pairing. 
In addition the analysis of above mentioned pharmaceutically important organic 
compounds, some of important dyes have also been analysed by us using thin 
layer chromatographic separation technique. A short description of dyes is given. 
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••• D y e s 
A dye can be described as a colored substance that has an affinity to the 
substrate to which it is being appHed. It is generally applied in an aqueous 
solution, and may require a mordant to improve the fastness of the dye on the 
fiber. Dyes are added to food or drinks to change their color and to improve their 
appearance and taste because people associate certain colors with certain flavors 
and the color of food can influence the perceived flavor. 
The first synthetic dye commonly known as "Mauve" was prepared by W.H. 
Perkin in 1956. 
Dyes can be classified on the basis of (a) mode of application and (b) chemical 
constitution. Classification of dyes based on chemical constitution is listed in 
(Table 1.9). 
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MixecCSurfactants XnaBCe 
Separation of Lysine from otfier 
XssentiaCJAmino jicids in iXC on 
SiCica QeC 
2.1 I N T R O D U C T I O N 
The urgent need for rapid and selective methods for separation and identification of 
amino acids has promoted the development of a variety of chromatographic systems 
for this purpose. The high efficiency, reasonable resolving power, capability of 
simultaneous analysis of a large number of samples and simple nature of Thin 
Layer Chromatography (TLC) has resulted in its widespread use for analysis of 
closely related amino acids. 
Numerous TLC systems effective in separating amino acids from each other have 
been well documented in literature [1-10]. Most literature reports of TLC methods 
describe use of traditional aqueous, non-aqueous and mixed - aqueous organic 
solvents as mobile phases. The use of certain organic solvents such as benzene, 
pyridine, carbon tetrachloride, chloroform, methanol, etc., has been a shortcoming 
of TLC. As an alternative to complex organic mobile phase systems, in 1979 
Armstrong and Terrill introduced micellar mobile phases containing aqueous 
solutions of surfactants for the separation of pesticides, decachlorobiphenyl and 
nucleoside [11]. 
Since then, the importance of surfactant - containing mobile phases in 
chromatographic separations [12-22] has gained impetus. Organic modifiers (e.g. 
short chain alcohols) were subsequently added to micellar mobile phases to improve 
separation selectivity [23-24]. 
According to literature survey, much work has been reported on the use of aqueous 
solutions containing single surfactant, with or without added organic modifiers, as 
mobile phase in TLC analysis of inorganic and organic substances [25-30]. 
Recently the usefulness of mixed surfactants systems containing ionic - nonionics 
or mixed-ionic micelles has been realized by physical chemists [31-36]. Synergism 
is often observed in the physicochemical properties of mixed surfactant and 
sometimes the performance of mixtures is superior to that of pure surfactant 
compared to the pure surfactant components. Taking into account the excellent 
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performance of aqueous solute ions of mixed surfactants, this study was undertaken 
to examine the resolving power of mixed aqueous surfactants with added acetone in 
the analysis of amino acids. As a result, we have identified a new TLC system 
comprising of silica gel as stationary phase and 1.0 x 10'^  M Triton X-100 (t-
octylphenoxypolyethoxy ethanol) plus 8.1 x 10"* M SDS (sodium dodecyl sulphate) 
- acetone (1:1:5 v/v/v) as mobile phase for specific separation of lysine from other 
essential amino acids. 
2.2 E X P E R I M E N T A L 
All the experiments were performed at 30 ± 2 C 
2.2.1 Apparatus 
A TLC applicator (Toshniwal, India) was used for coating silica gel G on 20 cm x 
3.5 cm glass plates. The chromatography was performed in 24 cm x 6 cm glass jars. 
A glass sprayer was used to spray reagent on the plates to locate the position of the 
spot of analyte. 
2.2.2 Reagents 
Sodium dodecyl sulphate(SDS) was from BDH, India. Triton X-100 (Iso-
octylphenoxy polyethoxyethanol), abbreviated TX-lOO in this paper, and the 
essential amino acids L-lysine (L-Lys), L-valine (L-Val), L-isoleucine (L-Ile), DL 
- threonine (DL-Thr), L-methionine (L-Met), L-leucine (L-Leu), DL-phenylalanine 
(DL-Phe) and DL-tryptophan (DL-Trp) were from CDH, India. Acetone and butan-
2-one (Qualigens, India). Ninhydrin from Merck, India was used. All other reagents 
were of analytical reagent grade. 
2.2.3 Chemical solutions 
Test solutions of amino acids (1%) were prepared in doubled distilled water 
(DDW). Solutions (1%) of the cations Hg^", Pb^^ Cu^^ Th^", Zn^^ Fe^^ Cd'"", Cr''^ 
100 
Ni^", Co"", Mo°", AV^ and Tr were prepared from the metal chlorides, nitrates, or 
sulphates and contain a small amount of corresponding acid to prevent hydrolysis. 
Aqueous solution (1%) of the amines, naphthylamine, methylamine, diphenylamine, 
tri-n-butylamine, tert.-butylamine, and m-phenylenediamine were prepared in 
methanol. Drug samples were dissolved in 10ml DDW. 
Aqueous solution of TX-lOO and SDS were prepared in DDW. The concentrations 
of the surfactants were kept below their critical micelle concentration (CMC; 1.0 x 
10"^  M for TX 100 and 8.1 x 10'^  M for SDS). 
2.2.4 Detector 
Ninhydrin solution (0.3%) in acetone was used to detect all the amino acids. 
2.2.5 Stationary phase 
Sihca gel G (Merck, India Batch No.MK6M562890). 
2.2.6 Mobile phases 
Following solvent systems were used as mobile phase 
Symbol Composition 
Ml Double distilled water (DDW) 
M2 Acetone 
M3 DDW + acetone 1:1 (v/v) 
M4 DDW + acetone 1:5 (v/v) 
M5 1.0xlO"^MTX-100 
Me 8.1 X 10-^  M SDS) 
M7 1.0X lO '^MTX- 100 + acetone 1:5 (v/v) 
Mg 8.1 X 10"^  M SDS + acetone 1:5 (v/v) 
M9 1 . 0 X 1 0 " ^ M T X - 1 0 0 + 8 . 1 X I O " 2 M S D S 1 : 1 ( V / V ) 
M,o 1.0xlO-^MTX-100 + 8.1X10"^MSDS l:l(v/v) 
Mil 1.0 x 10'^  MTX-100 +8.1 X 10'^  M SDS + acetone l:l:l(v/v/v) 
M12 1.0 X 10-^  M TX- 100 + 8.1 X 10-^  M SDS + acetone 1:1:2 (v/v/v) 
Mi3 1.0 X 10'^  M TX-lOO + 8.1 X 10"^  M SDS + acetone 1:1:3 (v/v/v) 
Mi4 1.0 X 10"^  M TX- 100 + 8.1 x lO"'* M SDS + acetone 1:1:5 (v/v/v) 
Mis 1.0 X 10"^  M TX- 100 + 8.1 x 10"^  M SDS + acetone 2:1:1 (v/v/v) 
M,6 1.0 X iO"^  M TX- 100 + 8.1 x lO''' M SDS + acetone 3:1:1 (v/v/v) 
Mi7 1.0 X 10'^  M TX -100 + 8.1 x lO'"* M SDS + butan - 2 - one 1:1:5 (v/v/v) 
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2.2.7 Preparation of TLCplates 
Silica gel G was mixed with DDW in the ratio 1:3 and shaken until a plates 
homogenous slurry was obtained. This slurry was immediately coated as 0.25mm 
layers on 20 cm x 3.5 cm glass plates by the use of a Toshniwal (India) TLC 
applicator. The plates were dried in air at room temperature and then activated by 
heating at 100 ± 2 C for 1 hour in an electrically controlled oven. After activation 
the plates were cooled to room temperature than stored in a close chamber at 30 C 
before use. 
2.2.8 Procedure 
Test solutions (0.2 \i\) were applied to the plates, approximately 2 cm above the 
lower edge, by means of micropipette (Tripette 0783178, Germany).The spots were 
dried at room temperature (30 °C) than chromatography was performed on 24 cm x 
6 cm glass jars with lids. The various mobile phases are investigated. Chambers 
were saturated with mobile phase vapor for 10 min .before introduction of the 
plates. Plates were developed by the ascending technique; the development distance 
was always 10 cm. After development the plates were withdrawn from the jars and 
dried in room temperature. A glass sprayer was then used to apply ninhydrin and 
the plates were than heated at 70 C to locate the positions of the analyte spot. RL 
(Rp of leading edge) and RT (RF of trailing edge) values were determined for 
detected spots and the RF values for amino acids were calculated by the use of the 
formula 
RF = 0.5 (RT+ RL) 
For selective separation, equal volumes (I ml) of all the essential amino acids 
solution were mixed and 0.2 |il of the resuhing mixture was applied to on an 
activated TLC plate. The plate was developed with mobile phase M H, the spots 
were detected and the Rp values of the separated lysine and the other amino acids 
were calculated. 
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The limit of detection of lysine was determined by spotting 0.2 j^ l of its solutions on 
a TLC plates, developing the plate with mobile phase M H and visualizing the spots 
with ninhydrin. This process was repeated with successive reduction of the amount 
of lysine until no spot was detected. The minimum amount of lysine just visible on 
the TLC plate was taken as the limit of detection. 
2.2.9 Interference 
To examine the effect of the presence of cationic, anionic, and amino compounds 
(amines) as impurities on the separation of lysine, a solution of the foreign 
substance (cations, anions or amine; 0.2 jil) was spotted on silica layer followed by 
spotting of the mixture (0.2 fxl) of the amino acids. After drying of the spot, TLC 
was performed with mobile phase M14 Chromatography was performed as 
described above and the Rp values of lysine and the mixture of other amino acids 
were calculated after visualization with ninhydrin. 
2.2.10 Ageing effect of mobile phase 
To examine the ageing effect of the mobile phase M14 on the separation, the 
samples were spotted on the activated TLC plates, developed with freshly prepared 
mobile phase (M14), and Rp values were calculated. The same process was repeated 
using the previously prepared mobile phase M^ at different intervals of time for 24 
hours using the same batch of mobile phase MH and the Rp values were then 
calculated and compared. 
2.3 R E S U L T S AND D I S C U S S I O N 
The purpose of this investigation was to develop a simple TLC method for specific 
separation of lysine from other essential amino acids. With this attention all the 
amino acids (Lys, Val, He, Thr, Met, Leu, Phe, and Trp) were chromatographed on 
silica gel layers using seventeen mobile phases, and optimum experimental 
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conditions were established for identification of lysine in the presence of the other 
acids in the pharmaceutical formulations Astymim (Forte) and Alamine (Forte) after 
preliminary separation from other components. The proposed method is important, 
because lysine is a useful constituent of dietary supplements. On the basis of the 
results obtained the possibilities of separation of lysine from a mixture with the 
seven other acids were examined. The separation patterns are shown in the figures. 
From these resuhs several trends are noticeable. 
(i) Lysine is barely separated from the other amino acids by use of 
DMW as mobile phase (Figure 2.1 A).The separation is also 
impossible with pure acetone as mobile phase, because all the amino 
acid, including lysine, reside at the point of application (Figure 2.1 
B). Surprisingly, acetone-water mixtures (1:1 and 5:l,v/v) are 
capable of separating lysine from the other amino acids (Figures 2.1 
C D ) 
(ii) Aqueous solutions of a single surfactant (1.0 x 10 '^  M TX-lOO and 8.1 x 
10 ~^  M SDS) or a mixture of surfactants (1.0 x 10 "^  M TX-lOO plus 8.1 x 
10 ~ M SDS) are not very effective and lead to poor separation of lysine 
(Figure 2.2 A - C) 
(iii) Aqueous surfactant solutions with added acetone (mobile phase M7 -Mi7) 
result in better chromatographic performance, increasing the resolution of 
two adjacent spots. Compared with single-surfactant-acetone mobile 
phases (Figures 2.3 A - B), mixed- surfactant - acetone mobile phases 
(Figure 2.4) enable better separation. This observation is in agreement 
with our earlier findings- mixed surfactants were found to enable 
separation of aromatic amines [37]. The better chromatographic 
performance of the mixed surfactant solution may be attributed to specific 
interactions providing an altered microenvironment for separation. It is 
interesting to note from figures (Figures 2.4 A - D) that the 
chromatographic performance of aqueous mixed- surfactant systems was 
104 
found to depend upon amount of added acetone. It is clear from (Figures 
2.4) that increasing the volume of acetone in the mobile phase results in 
increased resolution. An ion-pair mechanism probably operates during the 
separation process, 
(iv) The excellent separation of lysine achieved in the presence of acetone 
(Figure 2.5 A) could not be achieved with aqueous mixed surfactants 
solution containing butan-2-one (Figure 2.5 B) 
The results presented in Table 2.1 clearly indicate that cations, anions, and 
amines do not affect the separation of lysine and it was always possible to 
isolate it from other acids. 
It was also observed that mobile phase. Mi4 containing mixed surfactants with 
added acetone can be used continuously for 24 hour without any change in the Rp of 
lysine separated from its mixture with other amino acids. This shows the mobile 
phase is stable, without significant interactions among its components. The smallest 
possible amount of lysine visually detectable was 0.5pg per zone on silica TLC 
plates developed with M]4. 
This study clearly reveals the better chromatographic performance of surfactant-
mediated mobile phases in the presence of organic modifiers (acetone). This 
observation is in agreement with those from our previous study [13], in which 
acetone was identified as the most effective additive at 10% concentration with 3% 
Brij for separation of heavy metal cations on cellulose layers. Organic modifiers 
have been found to improve separafion efficiency by reducing adsorption of the 
surfactant on stationary phase and altering the polarity of the mobile phase. 
2.4 C O N C L U S I O N 
A new mobile phase system containing mixed aqueous surfactants Triton X-100 
plus sodium dodecyl sulphate) and acetone has been established for specific 
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separation of lysine on silica gel layers. The proposed method can be used to 
identify the presence of lysine in pharmaceutical capsules. 
2.5 A P P L I C A T I O N 
The practical utility of this method was examined by analysis of two 
commercially available pharmaceutical products Astymin and Alamine (both 
from Forte). It was concluded the method is suitable for identification of lysine 
in pharmaceutical formulations after preliminary separation from the other 
components (Figures 2.6A - B) 
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Table 2.1: Separation of lysine from a mixture of essential amino acids (Mx) in 
the presence of cations, anions and amines. The stationary phase was silica gel 
G and the mobile phase MH 
Impurities RF of lysine Rp of Mx 
Cations 
Hg^^ Pb^\Cu^^ Th'^ ^ Zn^ Fe^ "", Cd^ Cr^ 0.08-0.18 0.80-0.90 
Ni^^ Co2",Mo2^ Al^ " ,T1^  
AhiiQns 
Cr, SO^, NO3-, CN', ?0\',T, CIO4" 0.05 - 0.16 0.80 - 0.95 
Amines 
Naphthylamine, methylamine, diphenylamine, 
tri-n-butylamine, tert.butylamine and m- 0.05-0.19 0.80-0.95 
phenylenediamine 
109 
Lvs 
LSA 
A 
'• 
0 
+ 
Lys 
B 
i 1 
Mx 
Lvs 
c: 
v.y 
0 
Ux 
lys 
• 
D 
0 
0 
Figure 2.1: Chromatograms showing the separation of lysine from other amino 
acids on silica gel layers developed with aqueous mobile phase systems 
containing acetone 
A Double distilled water (DDW) 
B Acetone 
C DDW plus acetone (1:1, v/v) 
D DDW plus acetone (1:5, v/v) 
Mx = Mixture of seven essential amino acids 
Lys = L-Lysine 
LSA= Line of sample application 
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Figure 2.2: Chromatogram showing the separation of lysine from other amino 
acids on silica gel layers developed with aqueous solutions of single and mixed 
surfactants as mobile phases 
A 1.0 X lO""^  M TX-lOO 
B 8.1 X 10"* M SDS 
C 1.0 X 10"^  M TX-lOO plus 8.1 xlO'^ M SDS (1:1, v/v) 
Other abbreviated as for Figure 2.1 
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i^ Xx 
Lvs 
Figure 2.3: Chromatogram showing the separation of lysine other amino acids 
on silica gel layers developed with aqueous solution of a single surfactant 
containing acetone as mobile phase 
A 8.1 X 10'^ M SDS plus acetone (1: 5, v/v) 
B 1.0 X 10"^  M TX-lOO plus acetone (1: 5, v/v) 
Other abbreviated as for Figure 2.1 
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Figure 2.4: Chromatogram showing the separation of lysine from other amino 
acids on silica gel layers developed with surfactant- containing mobile phase 
A 1.0 X 10'^ M TX-lOO plus 8.1 xlO"* M SDS plus acetone (1:1:1, v/v/v) 
B 1.0 X 10"-'' M TX-lOO plus 8.1 xlO'^ M SDS plus acetone (1:1:2, v/v/v) 
C 1.0 X 10"^  M TX-lOO plus 8.1 xlO~^ M SDS plus acetone (1:1:3, v/v/v) 
D 1.0 X 10"^  M TX-lOO plus 8.1 xlO"'' M SDS plus acetone (1:1:5, v/v/v) 
Other abbreviated as for Figure 2.1 
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Figure 2.5: Comparison of chromatograms showing the separation efficiency of 
mobile phase containing acetone and butan-2-one on silica gel layers 
A 1.0 X 10"^  M TX-lOO plus 8.1 xlO"^ M SDS plus acetone (1:1:5, v/v/v) 
B 1.0 X 10^ ^ M TX-lOO plus 8.1 xlO"* M SDS plus butan-2-one (1:1:5, v/v/v) 
Other abbreviated as for Figure 2.1 
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Figure 2.6: Chromatogram showing the separation on silica gel layers 
developed with 1.0 x 10'^  M TX-lOO + 8.1 x 10'^  M SDS + acetone (1:1:5, v/v/v) 
of lysine from other component 
A Astymine (Forte) and 
B Alamine (Forte) 
Other abbreviated as for Figure 2.1 
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Identification ancCSimuCtaneous 
Separation of Six 3-[ycCroj?fiiCic 
"Tfierapeutic yitamins 0y MiceCCar 
T'kin Layer Cftromatograjjfiy 
3.1 I N T R O D U C T I O N 
Thin Layer Chromatography (TLC) represents one of the most important analytical 
techniques for identification and simultaneous separation of organic compounds [1-
4]. Vitamins, the amphipathic molecules are the precursors of various metabolic 
pathways going in every living organism. These organic molecules essentially play 
important functions as coenzymes and antioxidants. They occur in almost all dietary 
products. Their deficiency may lead to numerous disorders. To overcome their loss 
in pathological conditions, they are available in the form of various therapeutic 
multivitamin dosages, which are composed of B-group vitamins, folic acid, ascorbic 
acid, biotin, calcium pantothenate fortified with minerals and antioxidants. 
According to literature, various methods like HPLC using diode array detector in 
commercial multi-vitamin preparation [5], HPLC [6], reverse phase-HPLC (RP-
HPLC) [7], TLC using fibre-optic fluorometric quantitation [8] and quantitative 
determination by fluorescence quenching [9,10], HPTLC [11] and RP-TLC [12] 
have been used in the analysis of vitamins. Most of thin layer chromatographic 
procedures developed for their analysis involve the use of organic or mixed aqueous 
organic mobile phases [13]. Since the first report [14] on the use of aqueous 
solution of surfactant as mobile phase, several workers [15] have utilized it in the 
analysis of closely related organic as well as inorganic substances by Ion-Pair and 
Micellar TLC [16-18]. 
The excellent chromatographic performance of surfactant-mediated systems in the 
presence of small amounts of added organic solvents has generated renewed interest 
in chromatography [19-21]. The favorable features of surfactants as modifiers of 
mobile and stationary phases in TLC have been admirably documented by Sumina 
et al. in recent review [22]. 
The most interesting feature of surfactant solutions is their dual hydrophobic and 
hydrophilic nature that provides electrostatic as well as hydrophobic interactions 
leading to unusual separation possibilities [23-25]. The capability of simultaneous 
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separation of ionic and non-ionic compounds is another fascinating feature of 
micellar systems. 
Encouraged by the above mentioned advantageous features of micellar solutions 
systems, a new TLC system consisting of silica gel 60 F254HPTLC plates in 
combination with aqueous micellar Sodium dodecyl sulphate (SDS) an anionic 
surfactant containing acetonitrile as organic modifier has been identified as the most 
favorable for identification and separation of B-group vitamins along with folic and 
ascorbic acids under UV radiations (X,=254 nm). SDS was selected because of the 
fact that amongst micelles of surfactants [26,27] found most efficient especially 
with silica gel. 
The present study is aimed to develop a reliable and efficient micellar TLC method 
for simultaneous separation and detection of Bi 62,65, B12, ascorbic acid and folic 
acid .The proposed method has been applied to the analysis of multivitamin 
formulation (Becosules* capsules). 
3.2 E X P E R I M E N T A L 
All experiments were performed at 30 ± 2 C 
3.2.1 Apparatus 
High Performance Thin Layer Chromatography (HPTLC) aluminum sheet of silica 
gel 60 F254 plates B.N 1.05554 from Merck Germany and TLC twin-trough chamber 
Camag, Muttenz, Switzerland lined with lid were used. 
3.2.2 Reagents 
Cetyitrimethyl ammonium bromide (CTAB) and Triton X-100 (Iso-octylphenoxy 
polyethoxyethanol) were procured from CDH India. Acetonilrile (Lichrosolv) from 
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Merk, India. Sodium dodecyl sulphate (SDS) was purchased from BDH India. All 
reagents were of Analytical grade. 
3.2.3 Chemical solutions 
Aqueous solutions of TX-lOO, SDS and CTAB were prepared in DDW. Standard 
test solutions of vitamin B2 (0.01% w/v), folic acid (0.1% w/v), B12 (0.2% w/v), 
ascorbic acid and vitamin Bj (1.0% w/v) and of vitamin Be (2.0% w/v) were also 
prepared in double distilled water. For sample preparation, standard test solutions 
(0.3 ml) of above listed vitamins were mixed and 0.50|LI1 of this mixture was used 
for chromatography. Table 3.1 denotes the chemical names of some water soluble 
vitamins. 
3.2.4 Dosage formulation 
Becasules* capsules (B-complex forte with vitamin C) Pfizer, India, analysed by 
the proposed method has the following composition (mg): 
1) Thiamine mononitrate IP 10 
2) Riboflavin IP 10 
3) Pyridoxine hydrochloride IP 03 
4) Vitamin B12 IP (as Stablets 1:100) 15 
5) Niacinamide IP 100 
6) Calcium pantothenate 50 
7) Folic acid IP 1.5 
8)BiotinUSP 100 
9) Ascorbic acid IP 150 
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3.2.5 Preparation of dosage solutions / sample preparation 
Becasules *capsule was finely powdered and dissolved in 10 mi double distilled 
water (Sj). The resultant solution was spiked with 0.2 ml of cyanocobalamine 
(0.2%) and 0.2 ml of folic acid (0.1%). This mixture was treated as commercial 
analyte sample. For studying nature of sample solvent, several analyte samples were 
prepared by dissolving the powder of Becosules*capsule separately in 10ml of 
ethanol (SO, 0.04M orthophosphoric acid (S2), 0.24M sodium hydroxide (S3), 
O.OOIM SDS (S4) and O.OOIM CTAB (S5). 
3.2.6 Detection 
UV radiation (?o=254 nm) was used to detect all the studied vitamins except B12 
which was observed visually in sunlight as pink spot. The plates were photographed 
under 254 nm using Nikon cool pix 6.2 megapixel digital camera. 
3.2.7 Stationary phase 
Silica gel 60 F254 high performance thin layer chromatographic plates. 
3.2.8 Mobile phases 
The solvents systems used as mobile phases are listed below 
Symbol Composition 
Ml Acetonitrile 
M2 Aqueous SDS solution (4%) 
M3 Aqueous SDS solution 4% + acetonitrile (1:1, v/v) 
M4 Aqueous SDS solution 4% + acetonitrile (1:2, v/v) 
M5 Aqueous SDS solution 4% + acetonitrile (1:3, v/v) 
Me Aqueous SDS solution 2% + acetonitrile (1:2, v/v) 
M7 Aqueous SDS solution 4% + acetonitrile (2:1, v/v) 
Mg Aqueous SDS solution 6% + acetonitrile (1:2, v/v) 
M9 Aqueous TX-lOO solution 4% + acetonitrile (1:2, v/v) 
Mio Aqueous CTAB solution 4% + acetonitrile (1:2, v/v) 
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3.2.9 Procedure 
Silica gel 60 F254 HPTLC plates were activated at 60 ± 2 C in an electrically 
controlled oven for 20 minutes and stored in closed chamber until used. Spotting of 
0.50 fil of sample using micropipette (Tripette 0783178, Germany) was done at 1.0 
cm from the base of HPTLC plates. Spots were dried in air and developed in a 
closed presaturated glass chamber with desired mobile phase by ascending 
technique up to the ascent of 5 cm from the point of application. After development, 
the HPTLC plates were withdrawn from glass chamber, air dried and then detected 
under UV light. 
3.3 R E S U L T S AND D I S C U S S I O N 
Chromatography of six hydrophilic vitamins was performed using various hybrid 
mobile phases composed of 4% aqueous SDS and acetonitrile in different volume 
ratio. The mobility pattern of vitamins, viewed under UV radiations (X,=254 nm) 
was found to depend on the composition of mobile phase. The resuhs obtained 
during entire study have been summarized in Figures (3.1-3.12). 
From the results shown in Figures following trends are noticeable. 
(i) With acetonitrile (Mj) as mobile phase, all vitamins remain at the point of 
application as highly compact and well formed spots (Figure 3.1) 
(ii) With SDS micellar solution (M2), all vitamins show significant mobility 
producing diffused spots, which appeared near the solvent front. The 
cyanocobalamine was the exception, which appeared at the middle of TLC 
plate. None of the vitamins produces compact spot (Figure 3.2). 
(iii) As expected, the hybrid mobile phase systems (M3- M5) prepared by mixing 
4% aqueous solution of SDS and acetonitrile in different volume ratios gave 
useful results, which can be utilized in chromatographic analysis of vitamins 
(Figure 3.3 - 3.5). In general, on the increase or decrease of SDS volume in 
the mobile phases Me and Mg, all vitamins tended to smear along the length 
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of the chromatogram rather than move as discrete spot (Figure 3.6). Out of 
these mobile phases, system constituting of 4% aqueous SDS + acetonitrile 
(1:2, v/v) was found most favorable for the separation and identification of 
vitamins from their mixture in the sample. The substitution of SDS in M4 by 
4% aqueous TX-lOO (a nonionic surfactant) or 4% aqueous CTAB (a 
cationic surfactant) could not produce useful results (Figure 3.7, 3.8) and 
hence the TLC system comprising of HPTLC silica as stationary phase and 
4% aqueous SDS plus acetonitrile (1:2, v/v) termed as M4 in this paper was 
selected for further study (Figure 3.9). 
(iv) The selected TLC system was tested for its applicability on marketed 
formulation (Becasules* capsule) as follows: 
(a) For identification of vitamins on HPTLC plate, the capsule sample dissolved 
in double distilled water (Si) was chromatographed on HPTLC plate and the 
pattern realized for identification of vitamins is shown in (Figure 3.10). The 
effect of few essential amino acids on separation pattern of vitamins was also 
examined and the results are presented in (Figure 3.11) .The presence of 
amino acids does not influence the separation and identification of vitamins. 
(b) In order to understand the effect of sample solvent on chromatographic 
performance of vitamins, the solution of sample (Becasules * capsule) was 
prepared in S2, S3, S4 and S5 separately. The chromatographic behavior of the 
resultant solution of vitamins is shown in (Figure 3.12). CTAB is the only 
substance to influence the separation of vitamins. Thus, vitamins can be 
analyzed in a commercial sample under different solvent conditions. All the 
samples were found stable for the duration of 48 hours as the monitoring of 
sample at different intervals revealed almost identical chromatogram. It is 
evident from figure that the chromatographic patterns of standard sample 
solution (Figure 3.9) and commercial sample solution (Figure 3.10) are not 
identical. The difference may be attributed to the presence of other 
components (biotin, calcium pantothenate and nicotinamide) in the 
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commercial sample, 
(v) The lowest possible detectable amount of vitamins Bi^  B2, 85 and B12, folic 
acid and L-ascorbic acid on silica 6OF254 HPTLC plates developed with M4 
ranges from 0.002-0.400|J.1. Thus, the proposed method is highly sensitive 
for on-plate detection of vitamins. The limit of detection of vitamins is listed 
in Table 3.2. 
3.4 C O N C L U S I O N 
A new micellar mobile phase comprising of 4% aqueous SDS + acetonitrile (1:2 
v/v) is developed for rapid analysis of therapeutic vitamins. Being selective, the 
proposed TLC method could be easily implemented as a reliable analytical tool for 
the separation and identification of hydrophilic vitamins in pharmaceutical 
formulations. 
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Table 3.1: List of some water - soluble vitamins studied 
Vitamin Common name Chemical name 
B, 
B, 
B, 
B 12 
c 
Folic 
acid 
Thiamine hydrochloride. (CDH, (3-{(4-amino-2-methyl-5-pyrimidinyl) 
India) methyl]-5-(2-hydroxyethyl)-4-methyl 
thiazolium chloride hydrochloride. 
Riboflavin (CDH, India) 3,10-dihydro-7,8-dimethyl-l 0-
[(2S,3S,4R)-2,3,4,5-
tetrahydroxypentyl]benzo-[g]pteridine-
2,4-dione7,8-dimethyl-10-(l '-D-
ribityl)isoalloxazine. 
Pyridoxine hydrochloride (BDH, (hydroxy-6-methyl-3,4-pyridine 
India) dimethanol hydrochloride. 
Cyanocobalamine (CDH, India) a-(5,6-dimethylbenzimidazolyl 
cobamidcyanide. 
L-ascorbic acid (CDH, India) 2, 3-endioI-L-gulonicacid-y-lactone. 
FoHc acid (CDH, India) (N-{4-{{2-amino-l,4-dihydro-oxo-6 
pteridinyl)m ethyl} amino} benzoyl] -L-
glutamic acid. 
125 
Table 3.2: Limit of detection of water-soluble vitamins 
Vitamin Limit of detection (p,g) 
"^i 0.200 
B2 0.002 
Be 0.400 
B12 0.040 
C 0.200 
Folic acid 0.020 
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Figure 3.1: Chromatogram showing the mobility pattern of yitamins B12, Bj, 
Eg, B2, folic acid and vitamin C from left to right, plate developed with mobile 
phase Ml 
Figure 3.2: Chromatogram showing the mobility pattern of vitamins B12, B], 
Bg, B2, folic acid and vitamin C from left to right, plate developed with mobile 
phase M2 
Figure 3.3: Chromatogram showing the mobility pattern of vitamins B12, B], 
B5, B2, folic acid and vitamin C from left to right, plate developed with mobile 
phase M3 
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Figure 3.4: Chromatogram showing the mobility pattern of vitamins B12, Bi, 
B6, B2, folic acid and vitamin C from left to right, plate developed with mobile 
phase M4 
Figure 3.5: Chromatogram showing the mobility pattern of vitamins Bn, B,, 
Bg, B2, folic acid and vitamin C from left to right plate developed with mobile 
phase M5 
^ H p ^ ^ ! ^ 
1"" -
Figure 3.6: Chromatogram showing the mobility pattern of vitamins Bn, B,, 
Be, B2, folic acid and vitamin C from left to right, plate developed with mobile 
phase Me 
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Figure 3.7: Chromatogram showing tlie mobility pattern of vitamins B,2, B„ 
Bfi, B2, folic acid and vitamin C from left to right, plate developed with mobile 
phase M9 
Figure 3.8: Chromatogram showing the mobility pattern of vitamins B12, Bi, 
B6, B2, folic aand C from left to right, plate developed with mobile phase Mjo 
Figure 3.9: Chromatogram showing the mobility pattern of vitamins B12, B|, 
Bft, B2, folic caid and vitamin C from their mixture (standard sample), plate 
developed with mobile phase M4 
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Figure 3.10: Chromatogram showing the resolution of vitamins present in 
Becasules Capsule, plate developed with mobile phase M4 
Figure 3.11: Effect of essential amino acids as impurity added in Becasules 
Capsules, plate developed with mobile phase M4 
Figure 3.12: Effect of sample solvents S2, S3, S4 and S5 from left to right for 
chromatographic performance of Becasules Capsule, plate developed with mobile 
phase M4 
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Identification of Coexisting 
Tentose, ^exose andT>isacefiarides 
witfi TreCiminary Sej)aration 
tfirougfi 3-[ydroj}fiiCic Interaction 
on SiCica ^TTLC TCate Using 
JAqueous Sodium VeoxycfioCate-
JAcetonitriCe Mo6iCe Tfiase System 
4.1 I N T R O D U C T I O N 
Among the natural substances, carbohydrates are most widely distributed with 
diverse roles and hence the analysis of carbohydrates in food, beverages and 
pharmaceutical formulations has been an attractive area of research for 
chromatographers [1-3]. As regards to the use of thin layer chromatography(TLC), 
in most cases, mixture of organic solvents and mixed aqueous-organic eluents 
comprising of chloroform, pyridine, benzene etc. as one of the components have 
been used for the analysis of polar sugars [4,5], Mixtures of acetonitrile with water 
as eluent in combination with silica gel or amino-bonded layers have been, 
generally, preferred to resolve complex mixtures of sugars on TLC plates [6,7].As 
an alternative to mixed aqueous-organic eluents, use of micellar bile salt mobile 
phases in chromatographic separation of isomeric compounds has been reported by 
R. W. Williams et al [8]. This study opened a novel route for replacing 
conventional hydro-organic mobile phase systems by bile salt surfactant solutions 
with judicious use of organic additives. It has generated the renewed interest of 
chromatographers in the use of bile salt as mobile phase or in the stationary phase to 
achieve the separations of analytical importance [9-11]. 
Bile salts being naturally occurring steroid-based surfactants play an important role 
in biological systems and have been a subject of numerous studies [12,13]. Sodium 
salt of cholic acid form helical aggregates in aqueous solutions which has lateral 
surface with backbone of steroid having angular methyl outside and hydroxyl inside 
groups the helix. More recently, the use of bile salt instead of long-chain surfactants 
for separating a range of neutral analytes as well as for chiral separations has been 
reported [14]. Surprisingly, salts of bile acids have not been used in TLC or high 
performance (HP) TLC for the analysis of sugars whereas limited use of traditional 
linear surfactants (sodium dodecyl sulphate) has been reported [15]. Thus, it is 
worthwhile to utilize the analytical potential of physiologically important surfactant 
in chromatographic analysis of biomolecules. Micellar mobile phases are expected 
to be very effective in the resolution of disaccharide from monosaccharide. 
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Hydrophilic interaction chromatography (HILIC) is a variant of normal phase 
chromatography which is specially useful for the separation of highly polar 
substances including biologically active compounds, such as pharmaceutical drugs, 
neurotransmitters, nucleosides, nucleotides, amino acids, peptides, proteins, 
oligosaccharides, carbohydrates, etc [16]. The mechanism of separation is liquid-
liquid partition that is by passing a hydrophobic or mostly organic mobile phase 
across a neutral hydrophilic stationary phase (bare silica) causing solutes to elute in 
the order of increasing hydrophilicity [17]. The retention of polar analytes often 
requires a highly aqueous mobile phase to achieve retention which sometimes lead 
to problems such as phase collapse (dewetting) [18].The water-deficient mobile 
phase and water-rich layer on the surface of the polar stationary phase creats a 
liquid/liquid extraction system. The analyte is distributed between these two layers. 
However, HILIC is not simply involves partitioning but also includes hydrogen 
donor interactions between neutral polar species as well as weak electrostatic 
mechanisms under the high organic solvent conditions used for retention. 
A typical mobile phase for HILIC chromatography includes acetonitrile (ACN) with 
a small amount of water. Ionic additives, such as ammonium acetate and 
ammonium formate, buffers and salts like sodium percholate are usually used to 
control the mobile phase pH and ion strength. In HILIC they can also contribute to 
the polarity of the analyte, resulting in differential changes in retention. For the 
separation of neutral analytes like carbohydrates, the role of buffer is secondary. 
For the first time an aqueous micellar solution of biosurfactant (sodium 
deoxycholate) is being in mobile phase containing bulk of acetonirtile for on-plate 
chromatographic resolution of multicomponent mixtures of neutral sugars. During 
the present study, aqueous micellar sodium deoxycholate (1%, w/v) plus acetonitrile 
(1:5, v/v) was found as the most optimum eluent for separation of disaccharides 
from pentoses and hexoses. The purpose of this communication is to explore the 
utility of biocompatible mobile phase systems for on-plate identification of sugars 
with preliminary separation on silica HPTLC plates. 
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4.2 E X P E R I M E N T A L 
All experiments were performed at 30 ± 1 C 
4.2.1 Apparatus 
The chromatography was performed in 24 cm x 6 cm glass jars. A glass sprayer was 
used to spray reagent on the plates to locate the position of the spot of analyte. 
4.2.2 Reagents 
Sugars (glucose, Cj and lactose monohydrate, C?) were from Merck (India) whereas 
D-fructose, Ci, maltose monohydrate, Cg; D-galactose, C3; D-mannose, C4; D-
ribose, C5; and D (+) xylose, Ce; were procured from CDH, India. Acetonitrile, 
sodium dodecyl sulphate (SDS), and acetone (Merck,India), methanol 
(Qualigens,India), tween 20 (Tw-20) and cetylpryridium bromide, CPB (CDH, 
India) were used. All chemicals were of analytical grade. 
Bile salts (sodium deoxycholate (NaDC), sodium cholate (NaC) and sodium 
taurocholate (NaTC) from Loba chemie were used. Their structures are shown in 
Figure 4.1(a-c). 
4.2.3 Test solution 
Aqueous solutions (1% w/v) of glucose, lactose monohydrate, D-fructose, maltose 
monohydrate, D-galactose, D-mannose, D-ribose and D (+) xylose were prepared. 
4.2.4 Sample preparation 
Pharmaceutical formulations, Honitus (C9) and Becozinc (Cio) (1% v/v) were 
prepared in double distilled water (DDW). 
4.2.5 Preparation of biological blood serum sample (Cji and C72) 
Since glucose is distributed almost uniformly between cells and plasma, either 
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whole blood or plasma or serum can be taken. Venous capillary blood is often 
convenient as multiple specimens may be taken from the same patient and an anti-
glycolytic agent such as sodium fluoride should be added. Small stopped tubes are 
used containing a suitable anti-glycolytic preservative anticoagulant. Capillary 
tubes are maintained in a sealed condition until analyzed. It is required to take 
venous blood with the help of disposable syringes, the needle is removed and the 
blood sample is allowed to run into the sample bottle. The taken venous blood is run 
into a clean dry vessel and allowed to stand at room temperature until it has clotted. 
It should then be kept in a warm place until the clot has retracted and the serum 
separated. The blood must not be chilled as this causes heamolysis as well as 
abnormal plasma cell distribution of certain ions. 
4.2.6 Detector 
Sugars were detected by orcinol solution prepared by mixing 250 mg orcinol, 7.5 
ml cone, sulphuric acid, 200 ml ethanol and 50 ml DDW. Color was developed on 
plate by spraying this solution and heating HPTLC plates at 110°C for 5-10 min in 
an electrically controlled oven. The detected spots appeared as brown- purple for all 
disaccharides and hexoses except D-fructose (appeared as orange) and blue for 
pentoses. 
4.2.7 Stationary phase 
High performance thin layer chromatographic (HPTLC) plates of silica gel 60 
backed with aluminium from Merck, Germany were used as stationary phase for the 
entire study. 
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4.2.8 Mobile phases 
Following mobile phases were used in the experiment 
Code Mobile phase composition (v/v) 
Ml 
M2 
M3 
M4 
M5 
M6 
M7 
Mg 
M9 
M,o 
Mu 
M,2 
M,3 
M,4 
M,5 
M16 
M,7 
M18 
Mi9 
M20 
M21 
M22 
DDW 
l%NaDC 
ACN 
DDWrACN (1:5) 
NaDC:ACN (1:9) 
NaDC:ACN (1:8) 
NaDC:ACN (1:5) 
NaDC:ACN (1:4) 
NaDC: ACN (1:3) 
NaDC:ACN (3:7) 
NaDC: ACN (1:2) 
NaDC: ACN (1:1) 
NaDC: ACN (7:3) 
NaDC: ACN (5:1) 
NaDC: ACN (9:1) 
NaC : ACN (1:5) 
NaTC:ACN (1:5) 
SDS : ACN (1:5) 
Tw-20:ACN (1:5) 
CPC:ACN (1:5) 
NaDC:MeOH (1:5) 
NaDC :CH3CH0 (1:5) 
4.2.9 Procedure 
Silica gel HPTLC plates were activated at 60 ± 1 C in an electrically controlled 
oven for 30 min and stored in closed chamber until used. Spotting of 0.20 jil of 
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sample using micropipette (Tripette, Germany) was done at 1.0 cm from the lower 
edge of HPTLC plates. Spots were air dried and developed in a closed pre-saturated 
glass chamber with desired mobile phases by ascending technique upto 5 cm from 
the point of application. After development (development time 5-8 min. depending 
upon the composition of mobile phase), the HPTLC plates were withdrawn from 
glass chamber, air dried and analytes were detected by spraying ethanolic orcinol 
solution by means of glass sprayer and heating at llO^C for 5-10 min. The Rp 
values were calculated as: 
Distance of solute migration from the origin 
Kp = —; -^ ^ 
Distance of solvent migration from the origin 
The standard deviation in Rp values was also calculated using the formula 
S.D=AlX(Xi-X)V(n-l) 
Where Xi is the individual Rp value, X is the mean Rp value and (n-1) is the number 
of observations made for each sugar. 
4.2.10 Separation 
For separation of the three series (pentose, hexose and disaccharide), equal volumes 
of all sugar were mixed and 0.20 \il of the resultant mixture was applied on the 
activated silica gel HPTLC plates. The plates were developed with mobile phase 
M7, the spots were detected and the hRp (Rp x 100) values of the separated sugars 
were calculated. 
4.2.11 Interference 
The aqueous solutions (1% w/v) of metal ions (Tf, Cu^ "^ , Zn^ "^ , Ni^ "^ , Bi'^ ^ VO '^*', 
Th"*^ , Hg^ ,^ Co^ ,^ Cr04^', Al^ ,^ Pb^ "") prepared from their chloride, nitrate or sulphate 
salts, were used for interference studies. For investigating the effect of presence of 
heavy metal cations as impurities on the resolution of sugars from their mixture, 
0.20 ^1 of the standard test mixture of sugar was spotted on the plate followed by 
the spotting of 0.20 [il of cations being considered as impurities. The plates were 
136 
developed with desired mobile phase, spots were detected with orcinol and hRp 
values of the separated sugars were calculated. 
4.2.12 Optimization of mobile phase 
To examine the effect of other biosurfactants, sodium deoxycholate (NaDC) in 
mobile phase (M7) was replaced by sodium cholate (Mjg), sodium taurocholate 
(M17) and chromatography of sugars was performed as done earlier. 
To study the effect of nature of surfactants on the chromatographic behavior of 
sugars, sodium deoxycholate (NaDC) in mobile phase (M7) was substituted by 
linear anionic surfactant, SDS (Mig), nonionic surfactant, Tw-20 (M19) and cationic 
surfactant, CPC (M20). 
To further optimize the mobile phase My, acetonitrile was replaced with other 
organic solvents like methanol (M21) and acetone (M22). 
4.2.13 Limit of detection 
The limits of detection of all eight sugars were determined by spotting 0.02 i^ l of 
the concerned sugar solutions onto the chromatoplates, which were developed with 
My, NaDC:ACN (1:5 v/v) and the spots was visualized using detector. This was 
repeated with successive reduction of the concentration of sugar solution until no 
detection was possible. The procedure was repeated three times for each sugar. The 
amount of sugar just detectable in the My was taken as limit of detection of that 
particular sugar. 
4.2.14 CMC by conductivity measurements 
ELICO conductivity bridge, model CM82T, and dip cell (cell constant 1.02 cm') 
were employed to perform the conductivity measurements at 30 C. Stock solution of 
sodium deoxycholate (24 mM) was prepared in ACN: DDW (5:1). The desired 
mole fractions of biosurfactant were obtained by mixing precalculated volume of 
the stock solution. The conductivity at each mole fraction of sodium deoxycholate 
137 
was measured by successive addition of stock solution of biosurfactant. A break in 
the conductivity vs. total concentration curve signals onset of micellization process. 
4.3 R E S U L T S AND D I S C U S S I O N 
From the results of present study (Tables 4.1, 4.2 and Figures 4.2 - 4.4) following 
trends are noticeable: 
(i) With DDW (Ml) as eluent, all sugars co-migrate with solvent front (hRp 
= 100) showing strong affinity towards the mobile phase as compared to 
the stationary phase. Thus, DDW is not useful as eluent for the separation 
of sugars, 
(ii) In case of aqueous micellar bile salt solution (1% w/v, M2), high mobility 
(hRp =98) showing broad and smeared spots for all sugars was observed 
and thus it is also not suitable for separation purposes, 
(iii) With pure acetonitrile (M3), all sugars remain at/near the point of 
application in the form of highly compact spots on the silica layer (hRp = 
00) showing strong interaction with the stationary phase and hence it is 
also not suitable for separating sugars. 
Thus, mono-component eluents were found unsuitable for the separation of sugars 
and hence two-component mobile phase systems consisting of water plus 
acetonitrile (M4) or aqueous sodium deoxycholate (1% w/v) plus acetonitrile in 
different volume ratios (M5-M15) were tested. 
(iv) In water plus acetonitrile mixture (M4, 1:5 v/v), all sugars were found to 
show little mobility without differential migration and hence no 
separation was possible. 
On decreasing the concentration of acetonitrile from 90% (M5) - 10% (M15), none 
of the sugars shows a definite pattern regarding the variation of their mobility as a 
function of the change in volume fraction of acetonitrile (Figure 4.3). At or below 
16.7 % v/v acetonitrile, mobility of all sugars remains unaltered. Addition cf 
aqueous micellar sodium deoxycholate solution to acetonitrile leads to the increase 
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in the polarity of mobile phase which resulted in the differential mobility of sugars. 
Therefore, on the basis of above studies, TLC system comprising of aqueous (1%, 
w/v) sodium deoxycholate plus acetonitrile (My, 1:5, v/v) was identified as the most 
suitable for separation of disaccharides from hexose and pentose (Figure 4.2). It 
also appears that the mobility of sugars depends upon the number of hydroxyl 
groups in &ie molecule of sugars. The hRp values were found to decrease with the 
increase in the number of hydroxyl groups in the molecule of sugars. 
Order of hRp values of three series of sugars (mentioned in parenthesis) was 
Pentoses (46 - 48) > Hexoses (30 - 33) > Disaccharides (09 - 18) which is in reverse 
order of the number of hydroxyl groups in the molecule of the sugars such as Order 
of magnitude of hydroxyl Groups: 4 (pentose) < 5 (hexose) < 8 (disaccharide). 
Organic modifiers 
The addition of organic modifier in aqueous surfactant has been found to influence 
the CMC value of the surfactant. In present study, we have used aqueous NaDC in 
combination with acetonitrile at concentration level of 24 mM. The CMC value 
calculated by us for the NaDC- acetonitrile mixture(M7) was 2.49 mM. Thus, in 
present case NaDC at such higher concentration( about ten times higher than CMC 
value) is always present in micellar form irrespective of the proportion of 
acetonitrile in mixed mobile phase systems (Figure 4.3). 
The substitution of acetonitrile with methanol (Mai) and acetone (M22) in the mobile 
phase (M7) does not improve the separation efficiency. 
Effect of other surfactants 
Substitution of sodium deoxycholate by other bile salts (NaTC, NaC) and ionic 
surfactants (SDS, CPC and Tw-20) in the mobile phase M7 does not improve the 
chromatographic performance of mobile phase systems. In fact, all produce diffused 
spots with decreased resolution efficacy. The unique selectivity of NaDC towards 
sugars may be attributed to specific interactions compared to long-chain surfactant 
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aggregates. 
In order to demonstrate the real effect of biosurfactant (i.e NaDC) on the separation 
efficacy of sugars, the separation of mixture of sugars was examined using selected 
mobile phase M7 as well as the mobile phase water : acetonitrile (M4, l:5,v/v). 
From Table 4.1, it is evident that the mixture of sugars could not be resolved with 
Mft (i.e. in the absence of NaDC) and thus the presence of NaDC in the mobile 
phase improves the chromatographic performance of the eluent. 
The color intensity of detected spots on HPTLC plate remains unaltered for a month 
and hence the plates can be stored as record for the comparison in future. 
Effect of metal cations as impurity 
To examine the practicability of the mobile phase, M7 and in view of the fact that 
metal cations are associated with biological systems, sugars were chromatographed 
with metal cations as foreign substances in the sample. Although cations such as 
Bi"'^ , Cu '^, Cr^ ^ and Ni^ ^ do not influence the separation but the cations like Co^ ,^ 
Hg^ "*", Th"*"^ , Pb^ "^ , Tl"*", VO^ "^ , Zn^"*^  and Al^ ^ were found to hamper the separation 
(Table 4.2) due to their certain specific interactions with the sugars under study. To 
study the interference of heavy metals on separation of sugars is important from 
their physiological as well as environmental significance. Earlier studies [19-20] 
have also demonstrated the detrimental influence of transition as well as alkali/ 
alkaline earth metals on the chromatographic performance of sugars via the 
formation of coordination bonds between sugars and metal ion. Our observations 
are in consonance of the earlier studies. 
Limit of detection 
Sugars in the range can 40-50 ng/zone of all sugars could be easily detected with 
this system, below which the visualization of spots was not possible. Thus, the 
present procedure is very useful for the detection of nanogram amounts of sugars on 
HPTLC. 
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Standard deviation 
The standard deviations in Rp values for sugars (C], C3, C4, CyjCg) and (C2, C5, Ce) 
were found to be 0.0075 and 0.0025 respectively indicating the reasonably good 
reproducibility of the proposed method. 
4.4 C O N C L U S I O N 
In the present paper, the use of bile acids as additive in mobile phase for HPTLC is 
presented and evaluated. The proposal is practically evaluated by means of the 
separation of a mixture of disaccharides, hexose and pentose in pharmaceutical 
products and in human blood. The use of biological surfactants on mobile phase 
composition may allow reducing the volume of toxic organic solvent which is 
desirable from the environmental point of view. 
4.5 A P P L I C A T I O N 
The practical utility of this method was examined by analysis of two commercially 
available pharmaceutical products (Becozinc and Honitus) and biological sample 
(blood serum). It was found that M7 mobile phase was efficient and suitable for the 
identification of disaccharide in pharmaceutical formulations and biological systems 
after preliminary separation from pentose and hexose. It is evident from the 
chromatogram (Figure 4.4) showing three zones of separated sugars that the 
proposed TLC system is well suited for identification and separation of sugars. 
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Table 4.1: 
phases 
hRp (RF X 100) of sugars on HPTLC plates with different mobile 
Code 
Ml 
M2 
M3 
M4 
M5 
M6 
M7 
Ms 
M9 
Mio 
M,, 
M12 
Mi3 
M H 
M,5 
M,6 
Mi7 
M18 
M,9 
M20 
M21 
M22 
Analyte 
Pentose 
C5 
100 
98 
00 
33 
38 
50 
46 
54 
50 
67 
57 
95 
79 
98 
98 
45 
60 
48 
75 
DS 
71 
68 
C6 
100 
96 
00 
32 
40 
49 
45 
56 
52 
70 
57 
95 
79 
98 
98 
41 
57 
46 
75 
DS 
75 
61 
Hexose 
c, 
99 
95 
00 
25 
18 
32 
28 
44 
40 
70 
55 
95 
70 
98 
98 
25 
55 
33 
62 
39 
69 
63 
C2 
98 
95 
00 
28 
22 
33 
29 
45 
41 
65 
55 
95 
69 
95 
95 
28 
48 
27 
63 
40(T) 
67 
56 
C3 
96 
94 
00 
24 
06 
17 
10 
29 
25 
53 
44 
95 
75 
95 
95 
11 
56 
30 
58 
06 
72 
23(T) 
C4 
96 
97 
00 
30 
14 
30 
24 
42 
38 
63 
55 
95 
74 
95 
98 
25 
55 
32 
61 
40(T) 
70 
53 
Disaccharide 
C7 
94 
96 
00 
13 
04 
18 
05 
29 
25 
53 
44 
95 
65 
98 
95 
13 
66 
18 
50 
06 
66 
23(T) 
Cs 
98 
94 
00 
11 
19 
38 
34 
47 
42 
69 
54 
90 
75 
98 
98 
24 
66 
17 
66 
40 
71 
58 
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DS - Diffused Spot T - Tailed Spot (RL-RT > 30) 
Table 4.2: Effect of metal cations on the separation of sugars 
^^ \^^ Sugars 
Metal Cations ^ ^ - ^ ^ 
A ^ 
Bi^ ^ 
Cr04^^ 
Cu^" 
Co^^  
Hg^ ^ 
Ni^" 
Pb^" 
Th^" 
ir 
vo'^  
Zn^ ^ 
liRp Values 
Disaccharides 
07 
07 
07 
05 
07 
10 
05 
09 
10 
00 
00 
03 
Hexose 
09 
26 
24 
28 
07 
90 
28 
09 
07 
10 
10 
03 
Pentose 
10 
34 
33 
34 
09 
90 
32 
08 
07 
06 
06 
06 
The hRp values of disaccharide, hexose and pentose in the absence of metal 
ions were 18, 30 and 46 respectively 
145 
OH "•, 
0 
-' 0 Na* 
HO^" 
a) Sodium deoxychelate (3 a, 12a-dihydroxy-5p-choIan-24-olic acid, sodium salt) 
OH \ 0 
HO*' 
/ n Mo* ONa 
b) Sodium chelate (3a, 7a, 12a-trihydroxy-5p-cholan-24-olic acid, sodium salt) 
OH "• 
Ha' 
c) Sodium taurocholate (2-[3a, 5|3, 7a, 12a-trihydroxy-5p-cholan-24-yl] amino) 
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Figure 4.1: Structures of bile salts a) sodium deoxycholate b) sodium chelate c) 
sodium taurocholate 
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Figure 4.2: Plot Showing differential mobility of sugars using My (NaDC-ACN, 
1:5 v/v) 
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Figure 4.3: Plot of specific conductivity vs concentration of NaDC 
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Figure 4.4: Chromatogram showing three zones of separated sugars in 
marketed formulations [Honitus (C9), Becozinc (Cio)] and human blood serum 
(Cn normal person, C12 diabetic patient) Ddveloped with M7 (NaDC: 
ACN, 1:5 v/v) 
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JAppCication oflVater-in'OiC 
M icroemuCsion for 
Cfiromatograpfiic Study of 
Vifferent groups of Organic 
Compounds 
5.1 I N T R O D U C T I O N 
The growing interest in Microemulsion (ME) or swollen-micelles as drug delivery 
vehicles arises mainly from their physicochemical properties such as transparency, 
low viscosity, and thermodynamic stability over a range of temperature interval and 
high solubilization capacity [1]. The possibility of increased solubility of sparingly 
soluble drugs in ME is of great interest because of the improved therapeutic 
efficacy of the drug, reduction in the volume of the vehicle and minimization of the 
toxic side effects [2]. 
The original application of oil-in-water ME in bioanalysis was reported by Berthod 
et al. when they separated a series of alkylbenzene and screened 11 drugs illegally 
used in sports [3]. A number of publications on the potential use of ME as a 
separation media in HPLC [4], micellar liquid chromatography [5], capillary 
electrophoresis [6] and microemulsion electrokinetic chromatography (MEKC) 
have appeared recently [7]. In addition, other application of ME is tertiary oil 
recovery, cosmetic, lubrication; enzyme catalysis, chemical synthesis etc. were also 
reported in literature [8, 9]. 
MEs contain nanometer-sized surfactant coated droplets of oil suspended in water, 
referred to as oil-in-water ME and vice-versa for water-in-oil ME. In ME liquid 
chromatography, the surfactant is added in the excess of the critical micelle 
concentration (CMC) which resulted in large amount of micelles in the mobile 
phase in which the analyte partitions within the micelles rather than adsorbs onto 
the stationary phase. 
The versatile nature of ME generated renewed interest of chemists to utilize it in 
chromatographic procedures [10]. Literature suggests that MEs were used as mobile 
phase to investigate the retention behavior of nitroanilines, amino acids, herbal 
plant extracts, antibiotics etc. [11-14]. 
These micellar media seemed to offer another viable clean alternative to traditional 
organic solvents, f revious studies on thin layer chromatography (TLC) of sugar, 
amino acids, vitamins, lipids, dyes, purines and pyrimidines utilized hydro-organic, 
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mixed-organic and aqueous surfactants with organic additives as mobile phases for 
their separation and identification. 
So, far no work has been reported for the identification of common sugars by 
HPTLC using water-in-oil ME as eluent. Furthermore, the present study also 
provides the general applicability of water-in-oil microemulsion in HPTLC analysis 
of compounds belonging to different groups such as vitamins, amino acids, purines 
and pyrimidines, lipids and dyes. 
5.2 E X P E R I M E N T A L 
All experiments were performed at 25 ± 2 C 
5.2.1 Apparatus 
High Performance Thin Layer Chromatography (HPTLC) plates and TLC twin-
trough chamber Camag, Muttenz, Switzerland lined with lid were used. A glass 
sprayer was used to spray reagent on the plates to locate the position of the spot of 
analyte. 
5.2.2 Reagents 
n-Pentanol (Acros organics, New Jersey, USA), heptane and CTAB were of CDH, 
India. Amino acids (D- glutamic acid, L-serine, D-alanine, L-tyrosine, L-histidine, 
L-lysine, L-arginine and phenylalanine), sugars (dextrose, D-fructose, D-lactose, 
D-galactose, D-ribose and D-xylose), lipids (lauric acid, palmitic acid, stearic acid, 
n-butyric acid and oelic acid), vitamins (thiamine, riboflavin and pyridoxine) and 
dyes (xylenol orange, bromocresol green, alizarin red S, congo red, pyrocatechol 
violet, malachite green, methylene blue, brilliant green, rhodamine B and crystal 
violet) were from CDH, India. Purines (alanine and guanine) and pyrimidines 
(cytosine, thymine and uracil) were obtained from Himedia (Mumbai), India. All 
chemicals were of analytical grade. 
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5.2.3 Preparation of test solutions 
Aqueous (1% w/v) of amino acids, sugars and B-complex vitamins were prepared. 
In case of pyridoxine and riboflavin few drops of NaOH were added to make clear 
solution. Purines and pyrimidines (1% w/v) were prepared in water-methanol 
mixture (60:40, v/v) and few drops of ammonia were added when necessary. Lipids 
(1% w/v or v/v) in chloroform: ethanol (1:1) was prepared. Dyes (0.1%) were 
prepared in mixture of double distilled water plus ethanol in 1:1 ratio by volume. 
5.2.4 Marketed formulations 
Becasules* capsules (B-complex Forte with vitamin C), Pfizer and Becozinc syrup, 
Dr. Reddy's, Hyderabad, India, analysed by the proposed method. 
5.2.5 Preparation of formulation solutions 
Becasules* capsule was finely powdered and dissolved in 10 ml of double distilled 
water (Bj sample) and 1 % solution of Becozinc syrup was prepared in double 
distilled water(B2 sample). 
5.2.6 Detectors 
Ethanolic solution (0.3%) of ninhydrin was sprayed on the HPTLC plates to locate 
the position of amino acids. Purple spots appeared on heating the HPTLC plates at 
60°C for few min. 
Sugars were detected by spraying ethanolic orcinol solution on silica HPTLC plates 
and heating at HOC for 5-10 min. The detected spots appeared as brown- purple 
for all disaccharides and hexoses except D-fructose (appeared as orange) and blue 
for pentoses. 
All vitamins, purines, pyrimidines and lipids were UV active and can be easily 
visualized under short UV lamp. Dyes were detected visually according to their 
original color. 
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5.2.7 Stationary phase 
Silica gel 60 F254 HPTLC (1.05715.001) and PEI Cellulose F254 (1.05579.0001) 
plates were used as stationary phases. 
5.2.8 Mobile phase 
Water-in-oil ME prepared at 25 C by titrating a coarse emulsion of heptane (160 
ml), water (8 ml) and CTAB (8 gm) with n-pentanol (25 ml). The ME system was 
transparent optically clear and remained stable at 25 ± 2 C for several weeks. This 
was used as mobile phase for six groups of organic compounds. 
5.2.9 Procedure 
Test solutions (1|4,1) of all analytes were applied on (6 cm x 6 cm) silica gel 60 F254 
and PEI cellulose high-performance thin layer plates with the help of micropipette 
at about 1 cm above the lower edge of the plates. The solvent ascent was fixed to 5 
cm in all cases for the determination of Rp value of individual analyte. Linear 
ascending development was carried out in vapor equilibrated Camag TLC twin-
trough chamber. The optimized chamber saturation time for the mobile phase was 
10 min. at room temperature (25 ± 2 C). Followed by the development, TLC plates 
were dried at room temperature. The plates were detected by using appropriate 
detector for desired analyte. The RL (RF of leading front) and Rj (Rp of trailing 
front) values of each spot were determined and the Rp value was calculated. 
For the separation of vitamins or dyes from their mixtures, equal volumes of 
vitamins or dyes were mixed and 1 ^ 1 of the resultant mixture was applied on TLC 
silica gel or cellulose plate. The plate was developed with mobile phase, the spots 
were detected and the Rp values of the separated spots of vitamins and dyes were 
calculated. Similarly, dyes were also separated on cellulose plates. 
For investigating the interference of other bioorganic molecules (amino acid, 
sugars, lipids, purines and pyrimidines) on the mobility and mutual separation of 
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vitamins, aqueous solutions (as prepared earlier) were used for interference studies. 
The effect of biomolecules as impurities on the resolution of vitamins from their 
mixture, 1 i^ l of the standard test mixture of vitamins was spotted on the plate 
followed by the spotting of 1 |il of biomolecules considered as impurities. The 
plates were developed with microemulsion containing CTAB mobile phase, spots 
were detected under UV lamp and Rp values of the separated vitamins were 
calculated. 
5.3 R E S U L T S AND D I S C U S S I O N 
Chromatography of six groups of organic compounds (amino acids, vitamins, 
sugars, lipids, dyes, purines and pyrimidines) was performed with water-in-oil 
microemulsion containing CTAB as eluent on two different stationary phases i.e. 
silica gel G and cellulose HPTLC plates. The following trends were noticed, 
(i) All amino acids were strongly retained on both silica and cellulose plates and 
thus resolution of amino acids with microemulsion as mobile phase is not 
possible, 
(ii) All polar sugars, co-migrate without any possible separation on silica gel 
HPTLC plates showing low mobility (Rp = 0.29). 
(iii) Alike amino acids, polar purines and pyrimidines show high affinity towards 
both the adsorbents (silica gel and cellulose) and cannot be resolved from 
their mixtures, 
(iv) All lipids being hydrophobic well moved with elution window on silica gel 
G or cellulose showing significant mobility (Rp = 0.98) and thus imposing 
the restriction on their mutual separafion. However, they can be easily 
separated from other organic compounds (amino acids, vitamins, sugars, 
dyes, purines and pyrimidines) having lower Rp value. 
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(v) A fair separation of B-complex vitamins (thiamine hydrochloride, riboflavin 
and pyridoxine hydrochloride), is always possible on silica HPTLC plate 
with water-in-oil ME system. For these vitamins, the order of Rp values, 
given in parenthesis, was thiamine (0.14) < pyridoxine (0.27) < riboflavin 
(0.44). 
The effect of impurity of other bioorganic molecules (lipids, amino acids, sugars 
and purines & pyrimidines) on the separation of vitamins was also examined. In the 
presence of lipids, sugars purines and pyrimidines, the mutual separation is always 
possible but uracil is the exception which hampers the separation. Amongst amino 
acids, glutamic acid and tyrosine hurt the mutual separation by producing a singly 
tailed spot near the point of application as a result of co- migration of these vitamins 
(thiamine, pyridoxine, riboflavin) in the sample. However, in the presence of other 
amino acids, all the three vitamins are well resolved on single TLC plate. Thus, for 
vitamins silica gel (inorganic adsorbent) is more efficient stationary phase 
compared to cellulose (organic adsorbent) because on PEI cellulose HPTLC layers, 
the separation of these three vitamins could not be achieved. The developed method 
is applicable to identification of B-complex vitamins in marketed formulation as 
evident from results presented in Table 5.1. 
(vi) All dyes were found to stay near the point of application on silica HPTLC 
plates and hence they cannot be separated. However, a selective separation of 
bromocresol green (Rp = 0.89) is possible from all cationic (malachite green, 
methylene blue, brilliant green, rhodamine B and crystal violet) and anionic 
(xylenol orange, bromocresol green, alizarin red S, congo red, pyrocatechol 
violet) dyes (Rp ~ 0.01) on cellulose HPTLC plate. 
Almost all the analytes produce well compact spots near or at the point of 
application on silica HPTLC, which shows a strong affinity of polar analytes with 
polar silica gel. Low mobility of polar analytes may be attributed to their strong 
attraction to negative silanol groups on the silica gel surface [15]. 
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5.4 C O N C L U S I O N 
Oil-in-water microemulsion proved to be useful surfactant-mediated system for 
ternary separation of vitamins (thiamine, riboflavin and pyridoxine) in 
pharmaceutical preparations. On cellulose layers, bromocresol green was selectively 
separated from other anionic as well as cationic dyes. 
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Table 5.1: Identification of Vitamins on Silica HPTLC plates using Water-in-
Oil ME containing CTAB 
RF Value 
Sample Thiamine Riboflavin Pyridoxine 
B^ a!08 o!27 040 
B2 0.08 0.27 0.41 
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JActivatecCSeparation of Coexisting 
five-MicCeoBases By 3-Cigfi-
Terformance Tfiin Layer 
Cfiromatograj)fiy 
6.1 I N T R O D U C T I O N 
High Performance Thin Layer Chromatography (HPTLC) is well suited to the 
separation of nucleobases. Most of reports on this topic are limited to the use of 
PEI-cellulose, ODS (octadecyl silica), and silica gel as layer materials [1-3]. Chiral 
plates have also been used for separation of nucleobases, and enantiomers [4]. The 
first use of micellar mobile phase by Armstrong in 1979 for the analysis of 
nucleotides was 1.3 AOT in cyclohexane-water mixture [5]. The suggested mobile 
phase was capable to resolve a mixture of nucleotides on silanized silica gel. 
Compared to normal micelle forming surfactants, bile salts are unique in forming 
helical aggregates in solution [6-8]. In nature, sodium deoxycholate (Figure 6.1) 
referred as "secondary bile acid" is produced in the intestine from the salts of 
glycocholic, and taurocholic acid by the action of bacterial enzymes. Applications 
of sodium deoxycholate range from cell lyses, liposome preparation, isolation of 
membrane proteins and lipids, a cell culture media as supplement, preventing non 
specific binding in affinity chromatography, micellar electrokinetic chromatography 
and other chromatographic techniques [8-11]. Versatility of bile salts led us to 
utilize its analytical potential as mobile phase for the separation of coexisting 
nucleobases from their mixtures. This is probably the first report to separate five 
nucleobases (two purines, and three pyrimidines) on cellulose 60 F254 HPTLC plates 
by ufilizing sodium deoxycholate (aqueous 5.0 %) plus acetonitrile (1:1, v/v) as 
mobile phase. Furthermore, we have successfully achieved an interesting separation 
of thymine from uracil. This separafion is important because both pyrimidines are 
used to differentiate between the structures of DNA and RNA (Figure 6.2). 
6.2 E X P E R I M E N T A L 
o 
All experiments were performed at 25 ± 2 C 
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6.2.1 Apparatus 
Pre-coated cellulose 60 F254 HPTLC aluminum foils were of Merck, Darmstadt, 
Germany. TLC twin-trough chamber Camag, Muttenz, Switzerland lined with lid 
were used. 
6.2.2 Reagents 
Acetonitrile (Lichsolv, Merck, India), purines and pyrimidines (Himedia, Mumbai, 
India) and sodium deoxycholate (E-Merck, India) were used. 
All chemicals and reagents were of analytical reagent (AR) grade. Double distilled 
water (DDW) was used throughout the experiment. 
6.2.3 Test solutions 
Solutions of purines (adenine, and guanine), and pyrimidines (cytosine, thymine, 
and uracil) were prepared in a mixture of methanol and water (4: 6) to give 
concentration of 1.0% w/v. 
6.2.4 Detector 
HPTLC plates containing fluorescent indicator were kept under short wave 254nm 
UV light to locate the position of analyte. 
6.2.5 Stationary phases 
Cellulose 60 F254, sihca gel 60 F254, RP-18 F254 and Kieselgel 60 F254 aluminium 
foils of size 6 cm x 6 cm were used as stationary phases. 
6.2.6 Buffer solutions 
The buffer solutions used to prepare the solution of NaDC (5.0%) at different pH 
levels are listed in Table 6.1. 
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6.2.7 Mobile phases 
A variety of mobile phases listed in Table 6.2 were examined to identify the most 
suitable solvent system for separation of nucleobases. 
6.2.8 Procedure 
Precoated HPTLC plates were activated at 60 ± 2°C in an electrically controlled 
oven for 20 min and stored in closed chamber until used. Spotting of 1.0 |il of 
sample using micropipette (Tripette 0783178, Germany) is done at 1.0 cm from the 
base of HPTLC plates. Spots were air dried and developed in a closed presaturated 
Camag TLC twin-trough chamber with desired mobile phase by ascending 
technique up to the ascent of 5.0 cm from the point of application. After 
development, the HPTLC plates were withdrawn from glass chamber, air dried and 
then detected under UV light to locate the position of analyte as fluorescent spots 
under short wavelength. 
The Rp values of visualized spots were calculated by using formula: 
RF = 0.5(RL+RT) 
where RL = RF of the leading edge, and RT = RF of trailing edge. 
In order to examine the effect of volume of acetonitrile added in aqueous NaDC, Rp 
of nucleobases, were chromatographed on cellulose layers. The affinity of the 
solvent systems with different concentrations of aqueous NaDC was assessed by 
calculating the capacity factor values. 
The capacity factor (K) was determined as a function of the conventional 
mobility Rp ^ 
It is used to indicate the relative affinity of purines or pyrimidines between the solid 
substrate and the solvent. Strong affinity for the substrate is indicated by high value 
of capacity factor and vice versa. 
To study the effect of interference of mono- and bivalent cations or anions, urea, 
and EDTA on the Rp value of nucleobases, analyte sample (1.0 1^) was spotted onto 
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the activated TLC plates followed by the spotting of 1.0 ^1 of the interfering species 
on the same spot. The plates were developed with M]o (5% aqueous NaDC-AcN, 
1:3, v/v). After development, spots were visualized under short wave 254nm UV 
light. The Rp valued were determined and compared with those obtained in the 
absence of interfering species. 
For the separation, equal volumes of all five nucleobases were mixed and 1.0 jil of 
the resultant mixture was applied on HPTLC plates. The plate was developed with 
Mio, the spots were visualized and Rp values of the separated spots of the 
nucleobases were calculated. 
The limits of detection of nucleobases were determined by spotting a definite 
volume of different concentrations of nucleobases (0.01-1.0 %) on the cellulose F254 
HPTLC plates. The plates were then developed and the corresponding spots were 
detected. The method was repeated with successive lowering of the amounts of 
nucleobase (purine or pyrimidine) until no spot was detected. The minimum amount 
of nucleobase that could be visualized was taken as the limit of detection. 
6.3 R E S U L T S AND D I S C U S S I O N 
Selection of mobile phase 
The aim of the present study was to select a useful solvent system to achieve the 
separation of coexisting five nucleobases (two purines, and three pyrimidines). For 
this, purpose chromatography of all nucleobases was performed on cellulose layers 
using different solvent systems. Both mono- component as well as binary mixed 
solvent systems was tested for the chromatography of these five nucleobases. When 
micellar solutions of cationic (cetyltrimethylammonium bromide, CTAB), non-
ionic (Tween-20), and anionic (sodium dodecyl sulfate, SDS) surfactants were used 
as eluent, all nucleobases show smeared spots with high mobility. Mixed micellar 
solutions were also not successful for separating nucleobases; all show broadened 
spots. In view of these unfavorable results, linear anionic surfactant, SDS was 
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replaced with helical sodium deoxychelate (bile salt). Aqueous 5.0% solution of 
sodium deoxycholate (NaDC) was selected for study because of its versatile nature 
of separating many isomeric compounds. It is well known that, the separation 
efficiency of pure micellar mobile phase system is improved by the addition of the 
organic additives [12]. Therefore, mixed mobile phases of 5.0% NaDC-acetonitrile 
in different ratio was tested, and the obtained results with these solvent systems are 
listed in Table 6.3. Addition of acetonitrile increases the hydrophobic nature of the 
mobile phase in order to retain the hydrophilic species. From the data of this Table, 
the following conclusions may be drawn: 
• In mobile phase, M] (DDW) both purines show lower mobility compared to 
pyrimidines on cellulose 60 F254 layers. 
• When 5.0%aqueous bile salt, NaDC (M2) was used as the mobile phase, the 
Rpof all nucleobases slightly reduced as compared to their mobility in M]. 
• In both Ml, and M2, the Rp of nucleobases was in the order: adenine < 
guanine < cytosine < thymine ~ uracil. 
• The Rp value of adenine, guanine, cytosine, thymine, and uracil was found to 
increase with the increase in volume ratio of acetonitrile in its mixture with 
5.0%aqueous NaDC (M3-M6), followed by decline in Rp value from to M12. 
As more compact spots, and differential Rp were realized in Mio (5.0% aqueous 
NaDC-acetonitrile, 1:3). This mobile phase was selected for further studies. To 
understand the effect of other organic additives on the Rp values of nucleobases, 
acetonitrile in Mio was replaced by other organic solvents (viz: acetone, methanol, 
formic acid, and DMSO), and the resultant mobile phase systems (Mjs-Mig) were 
used for chromatography. 
• In Mi3, and M14, all nucleobases showed lower mobility as compared to Mio-
The order of Rp was: Mio > M13 > M14. 
• In Ml5, and Ml6 all nucleobases showed constant and high Rp value (Rp > 
0.90). Compact spots were realized in M15, whereas in M16 spots were 
diffused. For investigating the effect of other bile salts, NaDC in Mio was 
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replaced by other biological bile salts (i.e. NaC or NaTC), and the resultant 
mobile phase systems (M17 and Mjg) were used for chromatography. It was 
found that there was no significant change in Rp values on substitution of 
NaDC by NaC or NaTC in M,o. 
The Rp data of nucleobases obtained with buffered 5.0% NaDC (pH 2.3, 3.4, 5.7, 
7.2 or 11.9) plus acetonitrile (M19-M23) mobile phases are compared and presented 
in Figure 3. It is clear from this Figure that the Rp value of nucleobases is slightly 
influenced by pH of NaDC in all mobile phases (M19-M23), except guanine, which 
was not detected in M22, and M23. The Rp value of guanine was increased to 0.83 
from its standard Rp value (0.12) in acidic media (M19-M21). 
Effect of nature ofsorhent layers 
To establish the effectiveness of cellulose 60 F254 HPTLC layers, the retention 
behavior of nucleobases was also examined on different sorbent layers, and the 
obtained results have been plotted in Figure 4. Although more compact spots were 
realized on RP-18 F254 layers, but separation of coexisting five nucleobases is 
possible only on cellulose 60 F254 layers. 
Effect of interferences 
Table 6.4 summarizes the effect of a variety of impurities on retention (Rp) of 
nucleobases. From the data listed in Table 6.4, it is evident that the Rp values of 
nucleobases were altered from its standard value in the presence of impurities in the 
sample. All nucleobases showed high Rp value in the presence of Li"^  as compared 
to other alkali or alkaline earth metal cations. Guanine, cytosine, thymine and uracil 
were not detected in the presence of Mg^ "^ . The Rp value (retention) of nucleobases 
was greatly influenced in the presence of transition metal cations, probably due to 
greater affinity of transition metal cations to bind with DNA or RNA nucleobases. 
In the presence of Ni^ "^  and Cu^^ all nucleobases showed almost similar Rp values. 
Zn^ "^  converted the compact spot of nucleobases into a badly diffused spots. The 
detection of guanine cytosine, thymine, and uracil in the presence of Co was 
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difficult. 
However, a significant increase in Rp values of adenine, guanine, and cytosine was 
noted in the presence of anions, urea, and EDTA. Both purines (adenine, and 
guanine) produced double spots in the presence of Mo04^' showing effective 
complexing tendency of molybdate ion. 
Compared to adenine, the Rp value of guanine was greatly modified in the presence 
of impurities (cations, anions, urea,or EDTA) in the sample. This might be due to 
the presence of two attractive centres in guanine to interact with impurities, whereas 
in the case of adenine there is only one attractive centre [13]. 
Separation 
The position of spots appeared on cellulose fluorescent plate is depicted in Figure 
6.5. It is clear that, with mobile phase Mio (5% aqueous NaDC + AcN, 1: 3, v/v) 
purines and pyrimidines could be separated easily from their mixtures. 
Limit of detection 
The lowest possible detectable microgram amounts of all five nucleobases obtained 
on cellulose F254 HPTLC plates developed with Mio was =; 0.054 |j,g spof'. It shows 
that the developed method is reasonably suitable for identifying these nucleobases 
at trace level. 
6.4 C O N C L U S I O N 
The proposed thin layer chromatographic system comprising of cellulose 60 F254 as 
stationary phase and 5.0% aqueous sodium deoxycholate (NaDC)-acetonitrile 
(AcN), 1:3 (v/v) phase is as mobile most favorable for the separation of coexisting 
five-nucleobases (adenine, guanine, cytosine, thymine, and uracil) It is highly 
selective, reliable, and rapid requiring 5.0-7.0 min. for resolution of DNA and RNA 
nucleobases. 
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Table 6.1: Buffer solutions used as solvents to prepare mobile phases 
containing 5.0 % NaDC 
Composition Volume ratio pH 
0.04M boric acid + 0.04 M phosphoric acid 50:50 23~ 
0.04M boric acid + 0.04 M phosphoric acid + 0.24 M NaOH 50 :50 :8 3.4 
0.04M boric acid + 0.04 M phosphoric acid + 0.24 M NaOH 50 : 50 : 10 5.7 
0.04M boric acid + 0.04 M phosphoric acid + 0.24 M NaOH 50 : 50 : 14 7.2 
0.04M boric acid + 0.04 M phosphoric acid + 0.24 M NaOH 50 : 50 : 60 11.9 
167 
Table 6.2: Solvent systems used as mobile phases in chromatographic studies 
Code for mobile phases Composition 
Ml DDW (double distilled water) 
A queous micellar bile salt solution 
M2 5.0%NaDCinDDW 
Aqueous micellar solutions with organic additives 
M3 M2-AcN(9: l,v/v) 
M4 M2-ACN (8 : 2, v/v) 
M5 M2-ACN (7 : 3, v/v) 
Me Mi-AcN (6 : 4, v/v) 
M7 M2-ACN (5 : 5, v/v) 
Mg M2-ACN (4 : 6, v/v) 
M9 M2-ACN (3 : 7, v/v) 
M,o M2-ACN (2.5 : 7.5, v/v) 
Ml, Mj-AcN (2 : 8, v/v) 
M12 M2-AcN(9: l,v/v) 
M,3 M2-Acetone (2.5 : 7.5, v/v) 
Mi4 M2-MeOH (2.5 : 7.5, v/v) 
Mi5 M2-HCOOH (2.5 : 7.5, v/v) 
M,6 M2-DMSO (2.5 : 7.5, v/v) 
Mi7 5.0% aqueous NaC-AcN (2.5 : 7.5, v/v) 
M18 5.0% aqueous NaTC-AcN (2.5 : 7.5, v/v) 
Buffer micellar NaDC solutions with AcN (2.5: 7.5, v/v) 
Mi9 5.0% NaDC (pH 2.3)-AcN 
M20 5.0% NaDC (pH 3.4)-AcN 
M21 5.0% NaDC (pH 5.7)-AcN 
M22 5.0% NaDC (pH 7,2)-AcN 
M23 5.0% NaDC (pH 11.9)-AcN 
AcN, acetonitrile; NaC, sodium chelate; NaTC, sodium taurocholate; MeOH, 
methanol; DMSO, dimethylsulfoxide. 
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Table 6.3: 
developed 
Mobile 
phase 
M, 
M2 
M3 
M4 
M5 
Ms 
My 
Ms 
M9 
Mio 
Mn 
M,2 
M,3 
Mi4 
M,5 
M,6 
M,7 
M18 
RF values of five nucleobases 
with mobile phases (Mi-Mis) 
Adenine 
0.33T 
0.50 
0.53 
0.55 
0.56 
0.60 
0.58 
0.55 
0.49 
0.44 
0.44 
0.12 
0.32 
0.13 
0.95 
0.90 
0.64 
0.56T 
Purines 
Guanine 
0.57 
0.54 
0.50 
0.48 
0.50 
0.57 
0.48 
0.40 
0.24 
0.12 
0.10 
0.00 
0.10 
0.06 
0.94 
0.90 
0.24 
0.18 
on cellulose 60 F254 
Nucleobases 
Cytosine 
0.78 
0.60 
0.75 
0.75 
0.75 
0.80 
0.77 
0.71 
0.58 
0.50 
0.48 
0.14 
0.46 
0.35 
0.95 
0.91 
0.75 
0.70 
HPTLC plates 
Pyrimidines 
Thymine Uracil 
0.80 
0.70 
0.75 
0.80 
0.90 
0.89 
0.85 
0.85 
0.85 
0.84 
0.84 
0.53 
0.67 
0.38 
0.97 
0.92 
0.93 
0.83 
0.80 
0.70 
0.74 
0.80 
0.86 
0.86 
0.82 
0.77 
0.75 
0.72 
0.73 
0.41 
0.38T 
0.20 
0.96 
0.91 
0.91 
0.80T 
Each value is an average of four measurements; T = Tailed spot; N.D. - Not 
Detected. 
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Table 6.4; Rj? values of nucleobases on cellulose 60 F254 HPTLC plates 
developed with mobile phase, Mjo in the presence of organic and inorganic 
impurities in the working standard sample 
Interfering ions Nucleobases 
Purines 
Adenine Guanine 
Pyrimidines 
Cytosine Thymine Uracil 
Without impurities 0.44 
Cations (mono- and bivalent) 
0.12 0.50 0.80 0.80 
Lr 
Na^ 
Mg^ ^ 
Ba'" 
Co'' 
Ni^ ^ 
Cu^ ^ 
Zn^ ^ 
Cd'" 
Pb'" 
Anions (mono- and J 
Br" 
CH3COO" 
NO3" 
COj^ -
104" 
S04 -^
Mo04^" 
Complexing ligands 
Urea 
EDTA 
0.60 
0.39 
0.36 
0.55 
0.00 
0.77 
0.83 
0.54 
0.58 
0.59 
bivalent) 
0.56 
0.54 
0.50 
0.49 
0.54 
0.50 
0.45 
0.55 
0.51 
0.82 
0.32 
N.D 
0.43 
N.D 
0.77 
0.79 
0.47 
0.45 
N.D 
0.38 
0.39 
0.39 
0.40 
0.41 
0.41 
0.43 
0.40 
0.38 
0.74 
0.50 
N.D 
0.66 
0.81 
0.70 
0.85 
0.60 
0.69 
0.00 
0.14 
0.46 
0.35 
0.95 
0.91 
0.75 
0.73 
0.70 
0.66 
0.70 
0.75 
0.80 
0.90 
0.89 
0.85 
0.85 
0.85 
0.84 
0.84 
0.53 
0.67 
0.38 
0.97 
0.92 
0.83 
0.80 
0.82 
0.81 
0.70 
0.74 
0.80 
0.86 
0.86 
0.77 
0.82 
0.75 
0.72 
0.73 
0.41 
0.38T 
0.20 
0.96 
0.91 
0.86 
0.76 
0.77 
0.74 
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Figure 6.1: Structure of sodium deoxyycholate 
Adenine (pKa = 9.8) 
0 
\ 
I 
H 
Guanine (pKa = 9.2,12.3) 
N 0 
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O ^ ^ N -
H 
Cytosine (pKa = 12.2) Thymine (pKa = 9.9) Uracil (pKa = 9.5) 
Figure 6.2: pKa value and chemical structure of nucleobases. 
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Figure 6.3: Rp value of five nucleobases on cellulose layers developed with 
micellar buffer mobile phases (M19-M23) 
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Figure 6.4: Rp values of nucleobases on various HPTLC plates developed with 
mobile phase, Mio 
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Figure 6.5: Separation of five coexisting nucieobases (adenine, cytosine, 
guanine, tliymine, and uracil on cellulose 60 F254 layer developed with mobile 
phase Mio 
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Mixed Surfactants Enable Separation of Lysine from 
Ottier Essential Amino Acids in TLC on Silica Gel 
Ali Mohammad* and Sameen Laeeq 
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Summary 
Thin-laycr chromatography of eight essential amino acids has been 
performed on silica layers with seventeen mobile phases of different 
composition. The mixed aqueous surfactant solution Triton X-100, 
1.0 X 10"^  M-sodium dodecyl sulfate, 8.1 x 10-* M-acetone 1:1:5 
(v/v) was identified as the best mobile phase for specific separation 
of lysine. This separation can be successfully accomplished in the 
presence of impurities such as heavy metal cations, inorganic 
anions, and aliphatic and aromatic amines. The limit of detection of 
lysine was 0.5 |ig per zone. The method has been used for successful 
identification of lysine in Astymin (Forte) and Alamine (Forte) cap-
sules. 
1 Introduction 
The urgent need for rapid and selective methods for separation 
and identification of amino acids has promoted the development 
of a variety of chromatographic systems for this purpose. The 
high efficiency, reasonable resolving power, capability of simul-
taneous analysis of a large number of samples, and simple 
nature of thin-layer chromatography (TLC) has resulted in its 
widespread use for analysis of closely related amino acids. 
Numerous TLC systems effective in separating amino acids 
from each other have been well documented in the literature 
[i-IO]. Most literature reports of TLC methods describe use of 
traditional aqueous, non-aqueous, and mixed-aqueous organic 
solvents as mobile phases. The use of organic solvents such as 
benzene, pyridine, carbon tetrachloride, chloroform, and 
methanol, etc., has been a shortcoming of TLC. As an alternative 
to complex organic mobile-phase systems, in 1979 Armstrong 
and Terrill introduced micellar mobile phases containing aque-
ous solutions of surfactants for separation of pesticides, 
decachlorobiphenyl, and nucleosides [11]. 
Since then, the importance of surfactant-containing mobile 
phases in chromatographic separations [12-22] has gained 
A. Mohammad and S. Laeeq, Department of Applied Chemisiiy. Faculty of Engi-
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impetus. Organic modifiers (e.g. short-chain alcohols) were sub-
sequently added to micellar mobile phases to improve separa-
tion selectivity [23, 24]. 
According to a literature survey, much work has been reported 
on the use of aqueous solutions containing single surfactants, 
with or without added organic modifiers, as mobile phases in 
TLC analysis of inorganic and organic substances [25-30]. 
Recently the usefulness of mixed surfactant systems containing 
ionic-nonionic or mixed-ionic micelles has been realized by 
physical chemists [31-36]. Synergism is often observed in the 
physicochemical properties of mixed surfactants and sometimes 
the performance of mixtures is superior to that of the pure sur-
factant components. Taking into account the excellent perfor-
mance of aqueous solutions of mixed surfactants, this study was 
undertaken to examine the resolving power of mixed aqueous 
surfactants with added acetone in the analysis of amino acids. 
As a result, we have identified a new TLC system comprising 
silica gel as stationary phase and 1.0 x 10~^  M Triton X-100 
(/-octylphenoxypolyethoxyethanol)-8.1 x 10^ M S D S (sodi-
um dodecyl sulfate)-acetone 1:1:5 (v/v) as mobile phase for spe-
cific separation of lysine from other essential amino acids. 
2 Experimental 
All experiments were performed at 30±2°C. 
2.1 Chemicals and Reagettts 
Sodium dodecyl sulfate (SDS) was from BDH India. Triton X-
100 (wo-octylphenoxy polyethoxyethanol), abbreviated TX-lOO 
in this paper, and the essential amino acids L-lysine (L-lys), 
L-valine (L-val), L-isoleucine (L-Ile), DL-threonine (DL-Thr), 
L-methionine (L-met), L-leucine (L-leu), DL-phenylalanine 
(DL-phe), and DL-tryptophan (DL-Trp) were from CDH, India. 
Acetone and butan-2-one were from Qualigens, India. Silica gel 
G (batch no. MK6M562890) and ninhydrin were from Merck, 
India. 
Test solutions of the amino acids (1%) were prepared in dem-
ineralized doubled distilled water (DMW). Solutions (1%) of 
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Table 1 
The mobile phases investigated. 
Symbol Composition 
M| Demineralized double-distilled water (DMW) 
M, Acetone 
M, DMW + acetone, 1:1 (v/v) 
M^  DMW + acetone, 1:5 (v/v) 
Mj 1.0 X 10-5 MTX-100 
M,, S . I X I O ^ M S D S 
M. 1.0x10-5 M TX-100 M + acetone, 1:5 (v/v) 
Mj. 8.1 X lO-* M SDS + acetone, 1:5 (v/v) 
M, 1.0 X 10-3 MTX-IOO +8.1 X 10--M SDS, 1:1 (v/v) 
M|„ 1.0 X 10-5 MTX-100-^ 8.1 x 10^ M SDS, 1:1 (v/v) 
M,| 1.0 X 10-5 MTX-100-^ 8.1 X 10-* M SDS-^ acetone, 
1:1:1 (v/v) 
Mp 1,0 X 10-5 M TX-lOO + 8.1 X 10^ M SDS + acetone, 
1:1:2 (v/v) 
M|, 1.0 X 10 5MTX-100-^8.1 x 10^ M SDS + acetone, 
1:1:3 (v/v) 
M|j 1.0 X 10-5MTX-100 + 8.1 X 10^ M SDS + acetone, 
1:1:5 (v/v) 
M|, 1.0 X 10-5MTX-100-I-8.1 X lO-^ M SDS + acetone, 
2:1:1 (v/v) 
M|, 1.0 X 10 5MTX-100-^8.1 X 10^ M SDS + acetone, 
3:1:1 (v/v) 
M|, 1.0 X 10-5 M TX-lOO + 8.1 X 10-4 M SDS + butan-2-one, 
1:1:5 (v/v) 
the cations Ug-\ Pb-% Cu-^ Th^\ Zn-\ Fe^ % Cd-', Cr''^ Ni-^ 
Co-', Mo''*, AJ", and Ti^' were prepared from the metal chlo-
rides, nitrates, or sulfates and contained a small amount of the 
corresponding acid to prevent hydrolysis. Aqueous solutions 
(1%) of the anions CI , SO^--, NO,-, CN, POj-, 1', and CIO4-
were prepared from the sodium or potassium salts. Solutions 
(1%) of the amines naphthylamine, methylamine, dipheny-
lamine, tri-K-butylamine, tert-butylamine, and m-phenylenedi-
amine were prepared in methanol. Drug samples were dissolved 
in 10 mLDMW. 
Aqueous solutions of TX-lOO and SDS were prepared in DMW. 
The concentrations of the surfactants were kept below their crit-
ical micelle concentrations (CMC; 1.0 x 10"* M for TX-lOO 
and 8.1 x 10 -' M for SDS). Ninhydrin solution (0.3%) in ace-
tone was used to detect all the amino acids. 
2.2 Chromatography 
Silica gel G was mixed with DMW in the ratio 1:3 and shaken 
until a homogenous slurry was obtained. This slun-y was imme-
diately coated as 0.25 mm layers on 20 cm x 3.5 cm glass 
plates by use of a Toshniwal (India) TLC applicator. The plates 
were dried at room temperature then activated by heating at 100 
± 2°Cforl h in an electrically controlled oven. After activation 
the plates were cooled to room temperature then stored in a 
closed chamber at 30°C before use. 
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Figure 1 
Chromatograms showing the separation of lysine from other amino 
acids on silica gel layers developed with aqueous mobile phase sys-
tems containing acetone: A, DMW; B, acetone; C, DMW-acetone 1:1 
(v/v); D, DMW-acetone 1:5 (v/v). Mx, mixture of seven amino acids; 
Lys, L-lysine; LSA, line of sample application. 
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Figure 2 
Chromatograms showing the separation of lysine from other amino 
acids on silica gel layers developed with aqueous solutions of single 
and mixed surfactants as mobile phases: A, 1.0 x 10-5 M TX-100; 
B, 8.1 X 10^ M SDS; C, 1.0 x 10-* M TX-100 plus 8.1 x 10^ M SDS, 
1:1 (v/v); other abbreviations as for Figure 1. 
Test solutions (0.2 ^L) were applied to the plates, approximate-
ly 2 cm above the lower edge, by means of micropipets 
(Tripette 0783178; Germany). The spots were dried at room 
temperature (30°C) then chromatography was performed in 
24 cm X 6 cm glass jars with lids. The mobile phases investi-
gated are listed in Table 1. Chambers were saturated with mobile 
phase vapor for 10 min before introduction of the plates. Plates 
were developed by the ascending technique; the development dis-
tance was always 10 cm. After development the plates were with-
drawn from the jars and dried at room temperature. A glass 
sprayer was then used to apply ninhydrin and the plates were then 
heated at 70°C to locate the positions of the analyte spots. R^^ {R^: 
of the leading edge) and Rj (R^ of the trailing edge) values were 
determined for detected spots and R^ values for amino acids were 
calculated by use of the formula R^ = 0.5(R^^ + R^). 
For selective separation, equal volumes (1 mL) of all the essen-
tial amino acid solutions were mixed and 0.2 ^L of the resulting 
mixture was applied to an activated TLC plate. The plate was 
developed with mobile phase M,^, the spots were detected, and 
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Figure 3 
Chromatograms showing the separation of lysine from other amino 
acids on silica gel layers developed with aqueous solutions of a sin-
gle surfactant containing acetone as mobile phase: A, 8.1 x io^ M 
SDS plus acetone, 1:5 (v/v ;^ B, 1.0 x 10-^  MTX-1 00 plus acetone, 1:5 
(Wv); other abbreviations as for Figure 1. 
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Figure 5 
Comparison of chromatograms showing the separation efficiency of 
mobile phases containing acetone and butan-2-one on silica gel lay-
ers: A, 1.0 X 10-5 iw TX-100 plus 8.1 » 10"^  M SDS plus acetone, 
^•.^•.5{vlv)•,B,^.0 x 10-5 MTX-IOOplus8.1 x K H MSDSplusbutan-
2-one, 1:1:5(i'/v); other abbreviations as for Figure 1. 
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Figure 4 
Chromatograms showing the separation of lysine from other amino 
acids on silica gel layers developed with surfactant-containing 
mobile phases: A, 1.0 x 10-' M TX-100 plus 8.1 x 10-^  M SDS plus 
acetone, 1:1:1 (vlv); B, 1.0 x io-5 M TX-100 plus 8.1 x 10-^  M SDS 
plus acetone, 1:1:2 (vlv); C, 1.0 x iQ-s „ TX-100 plus 8.1 x io-< M SDS 
plus acetone, 1:1:3 (v/i^; D, 1.0 x lO' M TX-100 plus 8.1 x 10-^  M SDS 
plus acetone, 1:1:5 {vlv); other abbreviations as for Figure 1. 
the /?p values of the separated lysine and the other amino acids 
(as a mixture) were calculated. 
The limit of detection of lysine was determined by spotting 0.2 
,uL of its solution on a TLC plate, developing the plate with 
mobile phase M^^, and visualizing the spot with ninhydrin. This 
process was repeated with successive reduction of the amount of 
lysine until no spot was detected. The minimum amount of 
lysine just visible on the TLC plate was taken as the limit of 
detection. 
To examine the effect of the presence of cationic, anionic, and 
amino compounds (amines) as impurities on the separation of 
lysine, a solution of the foreign substance (cations, anions, or 
amine; 0,2 fiL) was spotted on the silica layer followed by spot-
ting of the mixture (0.2 ^L) of the amino acids. After drying of 
the spot, TLC was performed with mobile phase M^^. Chro-
matography was performed as described above and the R^ val-
ues of lysine and the mixture of other amino acids were calcu-
lated after visualization with ninhydrin. 
To examine the effect of ageing of mobile phase M,_, on the sep-
aration, the samples were spotted on activated TLC plates, 
developed with freshly prepared mobile phase (MjJ, and R^ val-
ues were calculated. The same process was repeated at different 
intervals for 24 h, using the same batch of mobile phase M,^ , 
and the 7?^  values were then calculated and compared. 
3 Results and Discussion 
The purpose of this investigation was to develop a simple TLC 
method for specific separation of lysine from other essential 
amino acids. With this intention all the amino acids (Lys, Val, 
He, Thr, Met, Leu, Phe, and Trp) were chromatographed on sili-
ca gel layers using seventeen mobile phases, and optimum 
experimental conditions were established for identification of 
lysine in the presence of the other acids in the pharmaceutical 
formulations Astymin (Forte) and Alamine (Forte) after prelim-
inary separation from other components. The proposed method 
is important, because lysine is a useful constituent of dietary 
supplements. On the basis of the results obtained the possibili-
ties of separation of lysine from a mixture with the seven other 
acids were examined. The separation patterns are shown in the 
figures. From these results several trends are noticeable. 
1. Lysine is barely separated from the other amino acids by use 
of DMW as mobile phase (Figure lA). The separation is also 
impossible with pure acetone as mobile phase, because all the 
amino acids, including lysine, reside at the point of application 
(Figure 1B). Surprisingly, acetone-water mixtures (1:1 and 5:1, 
v/v) are capable of separating lysine from the other amino acids 
(Figures IC and ID), 
2. Aqueous solutions of a single surfactants (1.0 x 10 '^ M TX-
100 or 8.1 X 10^ M SDS) or a mixture of surfactants (1.0 x 
IQ-^  M TX-100 plus 8.1 X l0-» M SDS) are not very effective 
and lead to poor separation of lysine (Figure 2). 
3. Aqueous surfactant solutions with added acetone (mobile 
phases M-,-Mp) result in better chromatographic performance, 
increasing the resolution of the two adjacent spots. Compared 
with single-surfactant-acetone mobile phases (Figure 3), 
mixed-surfactant-acetone mobile phases (Figure 4) enable bet-
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Figure 6 
Chromatograms showing the separation of lysine from other compo-
nents of: A, Astymine (Forte) and B, Alamlne (Forte) on silica gel lay-
ers developed with 1.0 x 10-' M TX-100 plus 8.1 x 10"^  M SDS plus ace-
tone, 1:1:5 {v/v); other abbreviations as for Figure 1. 
Table 2 
Separation of lysine from a mixture of essential amino acids (Mx) in 
the presence of cations, anions, and amines. The stationary phase 
was silica gel G and the mobile phase M^^ . 
Impurities ^f of lysine R^ofUx 
Cations 
Hg-*, Pb-^ Cu--, Tli^ *, Zn-', Fe'*, Cd-\ 
Cr"', Ni=-, Co-MVIo^ A I M ! " 
Anions 
C1-, SO/ , NO.-, CH\ PO,'-, ]-, CIO, 
Amines 
Naphtliyiamine, metliylamine, 
diplienylamine, 
tri-w-butylamine. /err-butylamine, 
and ;>;-plienyienediarnine 
0.08-0.18 0.80-0.90 
0.05-0.16 0.80-0.95 
0.05-0.19 0.80-0.95 
mixture with other amino acids. This shows the mobile phase is 
stable, without significant interactions among its components. 
The smallest possible amount of lysine visually detectable was 
0.5 ng per zone on silica TLC plates developed with M,^. 
This study clearly reveals the better chromatographic perfor-
mance of surfactant-mediated mobile phases in the presence of 
organic modifiers (acetone). This observation is in agreement 
with those from our previous study [13], in which acetone was 
identified as the most effective additive at 10% concentration 
with 3% Brij for separation of heavy metal cations on cellulose 
layers. Organic modifiers have been found to improve separa-
tion efficiency by reducing adsorption of the surfactant on the 
stationary phase and altering the polarity of the mobile phase. 
3.1 Application 
The practical utility of this method was examined by analysis of 
two commercially available pharmaceutical products Astymin 
and Alamine (both from (Forte). It was concluded the method is 
suitable for identification of lysine in pharmaceutical formula-
tions after preliminary separation from the other components 
(Figure 6). 
4 Conclusion 
A new mobile phase system containing mixed aqueous surfac-
tants Triton X-100 and sodium dodecyl sulfate and acetone has 
been established for specific separation of lysine on silica gel 
layers. The proposed method can be used to identify the pres-
ence of lysine in pharmaceutical capsules. 
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ter separation. This observation is in agreement with our earlier 
findings - mixed surfactants were found to enable separation of 
aromatic amines [37]. The better chromatographic performance 
of the mixed surfactant solution may be attributed to specific 
interactions providing an altered microenvironment for separa-
tion. It is interesting to note from Figures 4A-4D that the chro-
matographic performance of aqueous mixed-surfactant systems 
was found to depend upon the amount of acetone added. It is 
clear from Figure 4 that increasing the volume of acetone in the 
mobile phase results in increased resolution. An ion-pair mech-
anism probably operates during the separation process. 
4. The excellent separation of lysine achieved in the presence of 
acetone (Figure 5A) could not be achieved with aqueous mixed 
surfactant solutions containing butan-2-one (Figure 5B). 
The results presented in Table 2 clearly indicate that cations, 
anions, and amines do not affect the separation of lysine and it 
was always possible to isolate it from the other acids. 
It was also observed that mobile phase, M,_, containing mixed 
surfactants with added acetone can be used continuously for 
24 h without any change in the R^ of lysine separated from its 
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Application of Water-in-Oil Microemulsion for Chromatographic Study of 
Different Groups of Organic Compounds 
AH Mohammad*, Sameen Laeeq 
Chromatography Research Laboratory, Department of Applied Chemistry, Faculty of 
Engineering and Technology, Aligarh Muslim University, Aligarh, U.P., India 
Abstract 
Thin-layer chromatographic procedures are described for the analysis and separation of a variety 
of organic molecules (amino acids, B-complex vitamins, purines and pyrimidines, neutral lipids, 
polar sugars and dyes) using water-in-oil-microemulsion containing N-cetyl-N, N, N trimethyl 
ammonium bromide (CTAB) as mobile phase. High performance thin layer chromatographic 
plates of silica gel G and cellulose were used as stationary phases. The proposed method is 
suitable for selective separation of bromocresole green from other dyes on cellulose HPTLC 
plates. Furthermore, vitamins (thiamine, pyridoxine and riboflavin in marketed formulations) 
were successfully resolved on silica HPTLC plates. Effect of other biomolecules as impurities 
was investigated on simultaneous separation of thiamine, pyridoxine riboflavin from their 
mixtures. The well intense colored compact spots for all compounds under study were realized. 
Key words: HPTLC, CTAB, microemulsion, biomolecules, separation, vitamins 
Introduction 
The growing interest in microemulsion (swollen-micelles) as drug delivery vehicles arises 
mainly from their physicochemical properties such as transparency, low viscosity, and 
thermodynamic stability over a range of temperature interval and high solubilization capacity 
[1]. The possibility of increased solubility of sparingly soluble drugs in microemulsion is of great 
interest because of the improved therapeutic efficacy of the drug, reduction in the volume of the 
vehicle and minimization of the toxic side effects [2]. 
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The original application of oil-in-water micro-emulsion in bioanalysis was reported by Berthod 
et al. when they separated a series of alkylbenzene and screened 11 drugs illegally used in sports 
[3]. A number of publications on the potential use of microemulsion (ME) as a separation media 
in HPLC [4], micellar liquid chromatography [5], capillary electrophoresis [6] and 
microemulsion electrokinetic chromatography (MEKC) have appeared recently [7]. In addition, 
other application of ME is tertiary oil recovery, cosmetic, lubrication; enzyme catalysis, 
chemical synthesis etc. were also reported in literature [8, 9]. 
MEs contain nanometer-sized surfactant coated droplets of oil suspended in water, referred to as 
oil-in-water microemulsion and vice-versa for water-in-oil microemulsion. In ME liquid 
chromatography, the surfactant is added in the excess of the critical micelle concentration (CMC) 
which resulted in large amount of micelles in the mobile phase in which the analyte partitions 
within the micelles rather than adsorbs onto the stationary phase. 
The versatile nature of microemulsion generated renewed interest of chemists to utilize it in 
chromatographic procedures [10]. Literature suggests that MEs were used as mobile phase to 
investigate the retention behavior of nitroanilines, amino acids, herbal plant extracts, antibiotics 
etc. [11-14]. 
These micellar media seemed to offer another viable clean alternative to traditional organic 
solvents. Previous studies on thin layer chromatography (TLC) of sugar, amino acids, vitamins, 
lipids, dyes, purines and pyrimidines utilized hydro-organic, mixed-organic and aqueous 
surfactants with organic additives as mobile phases for their separation and identification. 
So, far no work has been reported for the identification of common sugars by HTLC using water-
in-oil ME as eluent. Furthermore, the present study also provides the general applicability of 
water-in-oil microemulsion in HTLC analysis of compounds belonging to different groups such 
as vitamins, amino acids, purines and pyrimidines, lipids and dyes. 
Results and Discussion 
Chromatography of six groups of organic compounds (amino acids, vitamins, sugars, lipids, 
dyes, purines and pyrimidines) was performed with water-in-oil microemulsion containing 
CTAB as eluent on two different stationary phases i.e. silica gel G and cellulose HPTLC plates. 
The following trends were noticed. 
(a) All amino acids were strongly retained on both silica and cellulose plates and thus 
resolution of amino acids with microemulsion as mobile phase is not possible. 
(b) All polar sugars, co-migrate without any possible separation on silica gel HPTLC plates 
showing low mobility (RF = 0.29). 
(c) Alike amino acids, polar purines and pyrimidines show high affinity towards both the 
adsorbents (silica gel and cellulose) and cannot be resolved from their mixtures. 
(d) All lipids being hydrophobic well moved with elution window on silica gel G or cellulose 
showing significant mobility (Rp =0.98) and thus imposing the restriction on their mutual 
separation. However, they can be easily separated from other organic compounds (amino 
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acids, vitamins, sugars, dyes, purines and pyrimidines) having lower RF value. 
(e) A fair separation of B-complex vitamins (thiamine hydrochloride, riboflavin and 
pyridoxine hydrochloride), is always possible on silica HPTLC plate with water-in-oil ME 
system. For these vitamins, the order of Rp values, given in parenthesis, was thiamine (0.14) < 
pyridoxine (0.27) < riboflavin (0.44). 
The effect of impurity of other bioorganic molecules (lipids, amino acids, sugars and purines & 
pyrimidines) on the separation of vitamins was also examined. In the presence of lipids, sugars 
purines and pyrimidines, the mutual separation is always possible but uracil is the exception 
which hampers the separation. Amongst amino acids, glutamic acid and tyrosine hurt the mutual 
separation by producing a singly tailed spot near the point of application as a result of co-
migration of these vitamins (thiamine, pyridoxine, riboflavin) in the sample. However, in the 
presence of other amino acids, all the three vitamins are well resolved on single TLC plate. Thus, 
for vitamins silica gel (inorganic adsorbent) is more efficient stationary phase compared to 
cellulose (organic adsorbent) because on PEI cellulose HPTLC layers, the separation of these 
three vitamins could not be achieved. The developed method is applicable to identification of B-
complex vitamins in marketed formulation as evident from results presented in Table 1. 
Table 1: Identification of vitamins on silica HPTLC plates using water-in-oil micro -
emulsion containing CTAB. 
RF Value 
Sample Thiamine Riboflavin Pyridoxine 
Bi 0.08 0.27 0.40 
B2 0.08 0.27 0.41 
(f) All dyes were found to stay near the point of application on silica HPTLC plates and 
hence they cannot be separated. However, a selective separation of bromocresol green (Rp = 
0.89) is possible from all cationic (malachite green, methylene blue, brilliant green, 
rhodamine B and crystal violet) and anionic (xylenol orange, bromocresol green, alizarin red 
S, Congo red, pyrocatechol violet) dyes (Rp ~ 0.01) on cellulose HPTLC plate. 
Almost all the analytes produce well compact spots near or at the point of application on silica 
HPTLC, which shows a strong affinity of polar analytes with polar silica gel. Low mobiUty of 
polar analytes may be attributed to their strong attraction to negative silanol groups on the silica 
gel surface [15]. 
Materials and methods 
Experimental 
Chemicals and materials 
Silica gel 60 F254 HPTLC plates (1.05715.001) an^ PEI Cellulose F254 (1.05579.0001) were 
procured from Merck, Germany. n-Pentanol (Acros organics, New Jersey, USA), heptane and 
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CTAB were of CDH, India. Amino acids (D- glutamic acid, L-serine, D-alanine, L-tyrosine, L-
histidine, L-lysine, L-arginine and phenylalanine), sugars (dextrose, D-fructose, D-Iactose, D-
galactose, D-ribose and D-xylose), lipids (lauric acid, palmitic acid, stearic acid, n-butyric acid 
and oelic acid), vitamins (thiamine, riboflavin and pyridoxine) and dyes (xylenol orange, 
bromocresol green, alizarin red S, congo red, pyrocatechol violet, malachite green, methylene 
blue, brilliant green, rhodamine B and crystal violet) were from CDH, India. Purines (alanine and 
guanine) and pyrimidines (cytosine, thymine and uracil) were obtained from Himeda (Mumbai), 
India. All chemicals were of analytical grade. All experiments were performed at 25±2''C. 
Preparation of test solutions 
1% (w/v) of amino acids, sugars and B-complex vitamins were prepared in double distilled 
water. In case of pyridoxine or riboflavin few drops of NaOH were added to make clear solution. 
Purines and pyrimidines (1% w/v) were prepared in water-methanol mixture (60:40, v/v) and few 
drops of ammonia were added when necessary. Lipids (1% w/v or v/v) in chloroform ; ethanol 
(1:1) were prepared. Dyes (0.1%) were prepared in mixture of double distilled water plus ethanol 
in 1:1 ratio by volume. 
Marketed formulations 
Becosules* capsules (B-complex Forte with vitamin C), Pfizer and Becozinc syrup. Dr. Reddy's, 
Hyderabad, India, analysed by the proposed method. 
1.2.Preparation of formulation solutions 
Becosules *capsule was finely powdered and dissolved in 10 ml of double distilled water (Bi 
sample) and 1 % solution of Becozinc syrup was prepared in double distilled water( B2 sample). 
Detection reagent 
Ethanolic solution (0.3%) of ninhydrin was sprayed on the HPTLC plates to locate the position 
of amino acids. Purple spots appeared on heating the HPTLC plates at 60°C for few minutes. 
Sugars were detected by spraying ethanolic orcinol solution on silica HPTLC plates and heating 
at 110°C for 5-10 minutes. The detected spots appeared as brown- purple for all disaccharides 
and hexoses except D-fructose (appeared as orange) and blue for pentoses. 
All vitamins, purines, pyrimidines and lipids were UV active and can be easily visualized under 
short UV lamp. Dyes were detected visually according to their original color. 
Preparation of mobile phase (Microemulsion) 
Water-in-oil ME used as mobile phase was prepared at 25°C by titrating a coarse emulsion of 
heptane (160 mL), water (8 mL) and CTAB (8 gm) with n-pentanol (25 mL). The microemulsion 
system was transparent optically clear and remained stable at 25±2°C for several weeks. This 
was used as mobile phase for six groups of organic compounds. 
HPTLC method 
Test solutions (IfJ-L) of all analy'-js were applied on (6 x 6 cm) silica gel 60 F254 and PEI 
cellulose high-performance thin-layer plates with the help of micropipette at about 1 cm above 
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the lower edge of the plates. The solvent ascent was fixed to 5 cm in all cases for the 
determination of RF value of individual analyte. Linear ascending development was carried out 
in vapor equilibrated Camag TLC twin-trough chamber. The optimized chamber saturation time 
for the mobile phase was 10 min at room temperature (25±2°C). Subsequent to the development, 
TLC plates were dried at room temperature. The plates were detected by using appropriate 
detector for desired analyte. The RL (RF of leading front) and RT (RF of trailing front) values of 
each spot were determined and the Rp value was calculated 
For the separation of vitamins or dyes from their mixtures, equal volumes of vitamins or dyes 
were mixed and 1 ixL of the resultant mixture was applied on TLC silica gel or cellulose plate. 
The plate was developed with mobile phase, the spots were detected and the RF values of the 
separated spots of vitamins and dyes were calculated. Similarly dyes were also separated on 
cellulose plates. 
For investigating the interference of other bioorganic molecules (amino acid, sugars, lipids, 
purines and pyrimidines) on the mobility and mutual separation of vitamins, aqueous solutions 
(as prepared earlier) were used for interference studies. The effect of biomolecules as impurities 
on the resolution of vitamins from their mixture, 1 ^ L of the standard test mixture of vitamins 
was spotted on the plate followed by the spotting of 1 |iL of biomolecules considered as 
impurities. The plates were developed with microemulsion containing CTAB mobile phase, 
spots were detected under UV lamp and RF values of the separated vitamins were calculated. 
Conclusion 
Oil-in-water microemulsion proved to be useful surfactant-mediated system for ternary 
separation of vitamins (thiamine, riboflavin and pyridoxine) in pharmaceutical preparations. On 
cellulose layers, bromocresol green was selectively separated from other anionic as well as 
cationic dyes. 
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Identification and Simultaneous Separation 
of Six Hydrophilic Therapeutic Vitamins 
by Micellar Thin Layer Chromatography 
Ali Mohammad* and Sameen Laeeq** 
A novel micellar thin layer chromatographic method for simultaneous separation and 
on-plate identification of B-group vitamins along with ascorbic and folic acids has 
been developed. A hybrid mobile phase constituting a mixture of 4% aqueous Sodium 
Dodecyl Sulphate (SDS) + acetonitrile (1:2, v/v) was identified as the most favorable 
for the resolution of multicomponent mixture of vitamins on silica high performance 
Thin Layer Chromatography (TLC) plates (silica gel 60F25^  catalog no. 1.05554, Merck, 
Germany). The resolved spots were identified by visualization under ultraviolet 
radiation (I = 254) in a closed UV cabinet. The effects of type of sample solvent, 
concentration of surfactant (SDS), volume ratio of acetonitrile in the mobile phase, 
and the presence of essential amino acids in the sample have been examined. This 
method is simple, precise, sensitive and useful for the analysis of vitamins B,, B ,^ B ,^ 
B,2, ascorbic and folic acids present in marketed pharmaceutical formulation. 
Keywords: Hydrophilic vitamins, Micellar TLC, Anionic surfactant, Vitamin identification 
Introduction 
Thin Layer Chromatography (TLC) represents one of the most important analytical 
techniques for identification and simultaneous separation of organic compounds 
(Wagner and Bladt, 1995; Sherma and Fried, 2003; Cimpoiu and Hosu, 2007; 
and Mohammad and Laeeq, 2007). Vitamins, the amphipathic molecules, are the 
precursors of various metabolic pathways in every living organism. These organic 
molecules essentially play important functions as coenzymes and antioxidants. 
These occur in almost all dietary products. Their deficiency may lead to numerous 
disorders. To overcome their loss in pathological conditions, they can be used in the 
form of various therapeutic multivitamin dosages, which are composed of B-group 
vitamins, folic acid and ascorbic acids, biotin, calcium pantothenate fortified \vith 
* Senior Faculty Member, Analytical Research Laboratory, Department of Applied Chemistry, Faculty 
of Engineering & Technology, Aligarh Muslim University, Aligarh 202002, India. 
E-mail: mohammadali4u@rediffmail.com 
** Research Scholar, Analytical Research Laboratory, Department of Applied Chemistry, Faculty 
of Engineering & Technology, Aligarh Muslim University, Aligarh 202002, India. 
E-mail: sameen645@rediffmail.com 
© 2008 The Icfai University Press. All Rights Reserved. 
minerals and antioxidants. For the ana!3'sis of six hydrophilic vitamins, this new micellar 
TLC procedure is designed. / 
According to literature, various methods like High Performance Liquid 
Chromatography (HPLC) using diode array detector in commercial multivitamin 
preparation (Chu K-On and Ti'n, 1998); HPLC (Huang X et ai, 1999), Reverse 
Phase-HPLC (RP-HPCL) (Bhushan and Meenakshi, 2002), TLC using fiber-optic 
fluorometric quantitation (Navas et aL, 1993) and quantitative determination by 
fluorescence quenching (Srinivasgf a/., 1992; andPerisicera/., 1995),High-Perforraance 
Thin Layer Chromatography (HPTLC) (Kartsova and Koroleva, 2007) and RP-TLC 
(Baranowska and Kadziolka, 1996) have been used in the analysis of vitamins. Most of 
thin layer chromatographic procedures developed for their analysis involve the use of 
organic or mixed aqueous organic mobile phases (Watanabe and Miyamoto, 2006). Since 
the first report (Armstrong and Terrill, 1979) on the use of aqueous solution surfactant as 
mobile phase, several workers (Dorsey ^ ?a^ ., 1983) have utilized it in the analysis of closely 
related organic as well as inorganic substances by ion-pair and micellar TLC (Kord and 
Khaledi, 1992; Mohammad and Jabeen, 2003; and Mohammad et al., 2004). 
The excellent chromatographic performance of surfactant-mediated systems in the 
presence of small amounts of added organic solvents has generated renewed interest in 
chromatographers (Khaledi, 1988; Borgerding et al., 1989; and Shtykov et al., 1999). 
The favorable features of surfactants as modifiers of mobile and stationary phases in TLC 
have been admirably documented in recent review by Sumina etal. (2003) in recent review. 
The most interesting feature of surfactants solutions is their dual hydrophobic and 
hydrophilic nature that provides electrostatic as well as hydrophobic interactions leading 
to unusual separation possibilities (Hernandez-Torres et al, 1986; and Berthod and 
Carvalho, 1992). The capability of simultaneous separation of ionic and non-ionic 
compounds is another fascinating feature of micellar systems. 
Encouraged by the above-mentioned advantageous features of micellar solution 
systems, a new TLC system consisting of silica gel 60Fj5^  HPTLC plates in combination 
with aqueous micellar SDS, an anionic surfactant containing acetonitrile as organic 
modifier has been identified as most favorable for identification and separation of 
B-group vitamins along with folic and ascorbic acids under UV radiations (A = 254 nm). 
Sodium Dodecyl Sulphate (SDS) was selected because of the fact that amongst the 
various micelles of surfactants (Almgren and Swarup 1983; and Mohammad and 
Sirwal, 2003) it was found to be the most efficient, especially with silica gel. 
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The present study aims to develop a 
reliable and efficient micellar T^^ C 
method for simultaneous separation and 
detection of B,, B ,^ B ,^ B^ ,^ ascorbic acid 
and folic acid. The proposed method has 
been applied to the analysis of 
multivitamin formulation (Becosules* 
capsules). The limit of detection of 
vitamins is listed in Table 1. 
Experimental Details 
All experiments were performed at 30 ± 2 
Table 1: Limit of Detection of Vitamins 
Vitamin 
B, 
B. 
B. 
B. 
C 
Folic Acid 
Limit of Detection (ft g) 
0.200 
0.002 
0.400 
0.040 
0.200 
0.020 
C^. 
Apparatus 
HPTLC aluminum sheet of silica gel 60 F,^ ^ plates (BN 1.05554 from Merck, Germany) 
and TLC twin-trough chamber (Camag, Muttenz, Switzerland) lined with lid were used. 
Cetyltrimethyl Ammonium Bromide (CTAB) was procured from CDH, India. 
Acetonitrile (Lichrosolv) were from Merck, India. SDS was purchased from BDH, India. 
All reagents were of analytical grade. 
Test Solutions 
Standard aqueous test solutions (0.01%) of vitamin B^ , (0.1%) of folic acid, (0.2%) of Bj^ , (1.0%) 
of ascorbic acid and vitamin Bj and (2.0%) of vitamin B^  were prepared in double distilled water. 
Sample Preparation 
For the sample preparation, standard aqueous test solutions (0.3 mL) of each of the 
listed vitamins (Table 2) were mixed, and 0.50 mL of this mixture was used for 
chromatography. 
Table 2: Vitamins Used 
Vitamin 
B. 
B. 
Common Name 
Thiamine hydrochloride 
(CDH, India) 
Riboflavin (CDH, India) 
Chemical Name 
3-[(4-amino-2-methyi-5-
pyrimidinyl)methyl]-5-(2-hydroxyethyl) 
-4-methyl thiazolium chloride 
hydrochloride 
3, lO-dihydro-7,8-dimethyl-10-[(2S, 3S, 
4R)-2, 3, 4, 5-tetrahydroxypentyl]benzo-
[g]pteridine-2, 4-dione;7, 8-dimethyl-lO-
(r-D-ribityl)isoalloxazine 
(Contd...) 
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Table 2: Vitamins Used (...contd) 
Vitamin 
B, 
\ 
C 
Folic Acid 
Common Name 
Pyridoxine hydrochloride 
(BDH, India) 
Cyanocobalamine (CDH, 
India) 
L-ascorbic acid (CDH, 
India) 
Folic acid (CDH, India) 
Chemical Name 
hydroxy-6-methyl-3, 4-pyridine 
dimethanol hydrochloride 
a-(5, 6-dimethylbenzimidazolyl) 
cobamidcyanide 
2, 3-endiol-L-gulonic acid-y-lactone 
N-[4((2-amino-l, 4-dihydro-oxo-6 
pteridinyl)methylamino)benzoyl] 
-L-glutamic acid 
Dosage Formulation 
Becosules* capsules (B-complex Forte with vitamin C) Pfizer, India, analyzed by the 
proposed method has the following composition (mg): 
Thiamine Mononitrate IP 10 
Riboflavin IP 10 
Pyridoxine Hydrochloride IP 3 
Vitamin B12 IP (as Stablets 1:100) 15 
Niacinamide IP 100 
Calcium Pantothenate 50 
Folic Acid IP 1.5 
BiotinUSP 100 
Ascorbic acid IP 150 
Preparation of Dosage Solutions 
Becosules *capsule was finely powdered and dissolved in 10 mL double distilled 
water (Sj). The resultant solution was spiked with 0.2 mL of cyanocobalamine (0.2%) 
and 0.2 mL of folic acid (0.1%). This mixture was treated as the commercial analyte 
sample. For studying the nature of sample solvent, several analyte samples were 
prepared by dissolving the powder of Becosules* capsule separately in 10 mL of ethanol 
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(S ), 0.04 M orthophosphoric acid (S )^, 0.24 M sodium hydroxide (S3), 0.001 M SDS 
(S )^ and 0.001 MCTABCSj). 
Detection 
UV radiation (A = 254 nm) was used td detect all the studied vitamins except B^ ^ which 
was observed visually in sunlight as a pink spot. The plates were photographed under 254 
nm using Nikon cool pix 6.2 megapixel digital camera. 
Mobile Phases 
The solvent systems used as mobile phases are listed in Table 3. 
Table 3: List of Mobile Phases Used 
Symbol 
M. 
M, 
Ms ' 
M. 
M3 
M. 
M, 
M, 
M, 
M,o 
Composition 
Acetonitrile 
Aqueous SDS solution (4%) 
Aqueous SDS solution 4% + acetonitrile (1:1, v/v) 
Aqueous SDS solution 4% + acetonitrile (1:2, v/v) 
Aqueous SDS solution 4% + acetonitrile (1:3, v/v) 
Aqueous SDS solution 2% + acetonitrile (1:2, v/v) 
Aqueous SDS solution 4% + acetonitrile (2:1, v/v) 
Aqueous SDS solution 6% + acetonitrile (1:2, v/v) 
Aqueous TX-lOO solution 4% + acetonitrile (1:2, v/v) 
Aqueous CTAB solution 4% + acetonitrile (1:2, v/v) 
Procedure 
Silica 60 F^ ^^  HPTLC plates were activated at 60 ± 2 °C in an electrically controlled oven 
for 20 minutes and stored in closed chamber until used. Spotting of 0.50 ^ il of sample 
using micropipette (Tripette 0783178, Germany) was done at 1.0 cm from the base of 
HPTLC plates. Spots were dried in air and developed in a closed presaturated glass 
chamber with the desired mobile phase by ascending technique up to the ascent of 5 cm 
from the point of application. After development, the HPTLC plates were withdrawn 
from the glass chamber, air dried and then detected under UV light to locate the position 
of individual vitamin in the form of fluorescing spots. 
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Results and Discussion 
Chromatography of six hydrophilic vitamins was performed using various hybrid mobile 
phases composed of 4% aqueous SDS and acetonitrile in different volume ratios. 
The mobility pattern of vitamins, viewed under UV radiations (A = 254 nm) was found 
to depend on the composition of the mobile phase. The results obtained during the entire 
study are summarized in Figures 1-12. 
From the results shown in the figures, the following trends are noticeable: 
i. With acetonitrile (Mj) as mobile phase, all vitamins remain at the point of 
application as highly compact and well-formed spots (Figure 1). 
ii. With SDS micellar solution (M^), all vitamins show significant mobility 
producing diffused spots, which appeared near the solvent front. 
Cyanocobalamine was the exception, which appeared at the middle of TLC plate. 
None of the vitamins produces compact spot (Figure 2). 
Figure 1: Chromatograra Showing the 
Mobility Pattern of Vitamins B,^ , Bj, B^ , 
Bj, Folic Acid and C from Left to Right. 
Plate Developed with Mobile Phase M 
Figure 2: Chromatogram Showing the 
Mobility Pattern of Vitamins Bj^ , Bj, B^ , 
Bj, Folic Acid and C from Left to Right 
Plate Developed with Mobile Phase M^  
iii. As expected, the hybrid mobile phase systems (M^-M^) prepared by mixing 
4% aqueous solution of SDS and acetonitrile in different volume ratios gave 
useful results, which can be utilized in chromatographic analysis of vitamins 
(Figures 3-5). In general, on the increase or decrease of SDS volume in the 
mobile phases M^ and M^, all vitamins tended to smear along the length of 
the chromatograra rather than move as discrete spot. Out of these mobile 
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Figure 3: Chromatogram Showing the 
Mobility Pattern of Vitamins B^ ,^ E^ , B ,^ 
Bj, Folic Acid and C from Left to Right. 
Plate Developed with Mobile Phase M^  
Figure 5: Chromatogram Showing the 
Mobility Pattern of Vitamins B,^ , Bj, B ,^ 
Bj, Folic Acid and C from Left to Right. 
Plate Developed with Mobile Phase M^  
Figure 4: Chromatogram Showing the 
Mobility Pattern of Vitaniins B^ ,^ B,, B ,^ 
B ,^ Folic Acid and C from Left to Right. 
Plate Developed with Mobile Phase M^  
Figure 6: Chromatogram Showing the 
Mobility Pattern of Vitamins Bj^ , Bj, B ,^ 
B ,^ Folic Acid and C from Left to Right. 
Plate Developed with Mobile Phase M_, 
phases, system constituting of 4% aqueous SDS + acetonitrile (1:2, v/v) 
was found most favorable for the separation and identification of vitamins from 
their mixture in the sample (Figure 9). The substitution of SDS in M^ by 4% 
aqueous TX-lOO (a nonionic surfactant) or 4% aqueous CTAB (a cationic 
surfactant) could not produce useful results (Figures 7 and 8), and hence, the 
TLC system comprising of HPTLC silica as stationary phase and 4% aqueous 
SDS plus acetonitrile (1:2, v/v) termed as M^ in this paper was selected for 
further study. 
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Figure 7: Chromatogram Showing the 
Mobility Pattern of Vitamins Bj^ , Pj, B^ , 
B^ , Folic Acid and C from Left to Right. 
Plate Developed with Mobile Phase M^  
Figure 8: Chromatogram Showing the 
Mobility Pattern of Vitamins B,^ , Bj, B^ , 
Bj, Folic Acid and C from Left to Right. 
Plate Developed with Mobile Phase M 
iv. The selected TLC system was tested for its applicability on the marketed 
formulation (Becosules* capsule) as follows: 
• For identification of vitamins on HPTLC plate, the capsule sample dissolved 
in double distilled water (S,) was chromatographed on HPTLC plate and 
the pattern realized for identification of vitamins is shown in Figure 10. 
The effect of a few essential amino acids on the separation pattern of vitamins 
was also examined and the results are presented in Figure 11. The presence of 
amino acids does not influence the separation and identification of vitamins. 
Figure 9: Chromatogram Showing the 
Separation of Vitamins B,^ , Bj, B^ , B^ , 
Folic Acid and C from their Mixture 
(Standard Sample). Plate Developed 
with Mobile Phase M, 
Figure 10: Chromatogram Showing the 
Resolution of Vitamins Present in 
Becosules Capsule. Plate Developed 
with Mobile Phase M, 
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Figure 11: Effect of Essential Amino 
Acids as Impurity Added in Becosules 
Capsule. Plate Developed with 
Mobile Phase M, 
Figure 12: Effect of Sample Solvents 
S^  Sj, S^  and S^  from Left to Right for 
Chromatographic Performance of 
Becosules Capsule. Plate Developed 
with Mobile Phase M, 
• In order to understand the effect of sample solvent on chromatographic 
performance of vitamins, the solution of sample (Becosules *capsule) was 
prepared in S ,^ Sj, S^  and S^  separately. The chromatographic behavior of the 
resultant solution of vitamins is shown in Figure 12. CTAB is the only 
substance to influence the separation of vitamins. Thus, vitamins can be 
analyzed in a commercial sample under different solvent conditions. All the 
samples were found to be stable for a duration of 48 hours as the monitoring 
of sample at different intervals revealed almost identical chromatograms. It is 
evident from the figures that the chromatographic patterns of the standard 
sample solution (Figure 9) and commercial sample solution (Figure 10) are 
not identical. The difference may be attributed to the presence of other 
components (biotin, calcium pantothenate and nicotinamide) in the 
commercial sample. 
• The lowest possible detectable amount of vitamins Bp B^, B^ and B^^, folic acid 
and L-ascorbic acid on silica 60Fj5^ HPTLC plates developed with M^ ranges 
from 0.002-0.4 ^iL. Thus, the proposed method is highly sensitive for on-plate 
detection of vitamins. 
Conclusion 
A new micellar mobile phase comprising 4% aqueous SDS + acetonitrile (1:2, v/v) 
was developed for the rapid analysis of therapeutic vitamins. Being selective, the proposed 
TLC method could be easily implemented as a reliable analytical tool for the separation 
and identification of hydrophilic vitamins in pharmaceutical formulations. Q 
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